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PROCEEDINaS. 


January  24,  1855. 


The  Eighth  Annual  General  Meeting  of  the  Members  was  hold 
at  the  house  of  the  Institution,  Newhall  Street,  Birmingham,  on 
Wednesday,  24th  January,  1855  ;  William  Fairbairn,  Esq.,  President, 
in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  by  the 
Secretary  and  confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  REPOET  OF  THE  COUNCIL. 
1855. 

The  Council  have  the  pleasure,  on  the  occasion  of  the  Eighth 
Anniversary  of  the  Institution,  of  reporting  to  the  Members  the 
satisfactory  position  and  successful  progress  of  the  Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  31st  December,  1854,  shows  a  balance  in  the  Treasurer's 
hands  of  £266  Is.,  after  the  payment  of  all  accounts  due  to  that  date. 
The  Finance  Committee  have  examined  and  checked  all  the  receipts 
and  payments  of  the  Institution  for  the  last  year,  1854,  and  report 
that  the  following  Balance  Sheet  rendered  by  the  Treasurer  is 
correct. 

{See  Balance  Sheet  appended.) 

The  number  of  Members  of  all  classes  for  the  last  year  is  228,  of 
whom  15  are  Honorary  Members,  and  3  are  Graduates. 

The  Council  have  to  report  the  decease  of  the  following  Members 
of  the  Institution  during  the  past  year. 


ANNTTAL  REPORT. 


William  Denny,. 
Charles  Geach,  . 
John  Gray,   . 
Jonathan  Harlow, 
Charles  Eontgen, 
"William  Smith, 


of  Dumbarton. 

London. 

Bradford. 

Birniingliam. 

London. 
.      Dudley. 


The  Council  have  the  pleasure  of  acknowledging  the  following 
Donations  to  the  Library  of  the  Institution  during  the  past  year :  — 
Memoirs  of  the   Literary  and   Philosoj)hical   Institution    of 

Manchester,  from  the  commencement  in  1781,  presented  by 

W.  Fairbairn,  Esq. 
Transactions  of  the  Eoyal  Scottish  Society  of  Arts,  from  1834, 

by  the  Council. 
Transactions  of  the  Liverpool  Polytechnic  Society. 
Abstract  of  Proceedings  of  the  Institution  of  Civil  Engineers. 
Journal  of  the  Society  of  Arts. 
On    the    Construction    of     Fish-Joints    for    Railways,     by 

A.  Malberg,  from  the  Author. 
Experiments   ui^on    the   Strength   of  Rails  by  the  Prussian 

Government  in  1851,  from  M.  Malberg. 
Results  of  Trials  of  Locomotives  by  the  Prussian  Government 

in  1853,  from  M.  Malberg. 
On   the   Combustion  of  Coal  and  Prevention  of  Smoke,  by 

C.  Wye  Williams,  from  the  Author. 
On   the  Iron-making  Resources  of  the  United  Kingdom,  by 

S.  H.  Blackwcll,  from  the  Author. 
Artizan  Journal,  from  the  Editor. 

Civil  Engineer  and  Architect's  Journal,  from  the  Editor. 
London  Journal  of  Arts,  from  the  Editor. 
Mechanic's  Magazine,  from  the  Editor. 
Special  Report  on  the  Machinery  in  the  New  York  Industrial 

Exliibition,  by  Mr.  Josei)h  Whitworth,  from  the  Author. 
Report  of  the  British  Commissioners  in  the  Xcw  York  Industrial 

Exhibition,  from  Mr.  Joseph  Whitworth. 
Donation  of  £5  for  purchase  of  Books,  from  Mr.  W.  Hawkes. 
Portrait  of  J.  F.  Lcdsam,  Esq.,  presented  by  Mr.  J.  E.  Clift. 
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Original  Working  Model  of  New  Water  Meter,  by  Mr.  C.  W. 

Siemens,  of  London. 
Specimen   of  New   Water   Meter,   by   Mr.  Jobn   Taylor,  of 

Manchester. 

The  Council  have  mucb  satisfaction  in  referring  to  the  valuable 
character  of  the  papers  that  have  been  brought  before  the  Institution 
during  the  past  year,  and  expressing  their  thanks  to  the  Authors 
of  the  papers  for  the  practical  information  communicated  by  them. 
The  Council  wish  to  urge  on  the  attention  of  the  Members  the 
importance  of  their  aid  in  promoting  the  objects  of  the  Institution 
by  contributing  papers  on  engineering  subjects  that  have  come 
under  their  observation,  and  communicating  the  particulars  of 
executed  works,  with  the  results  of  their  practical  working,  that  may 
be  serviceable  and  interesting  to  the  Members.  The  Council  invite 
communications  from  the  Members  and  their  friends  upon  the 
subjects  in  the  list  apiDended,  and  other  subjects  advantageous  to 
the  Institution ;  and  also  contributions  to  the  Library,  and  to  the 
collection  of  Mechanical  Models  and  Drawings. 

The  following  Papers  have  been  read  at  the  Meetings  during  the 
last  year : — 

On  an  Improved  Water  Meter ;  by  Mr,  C.  W.  Siemens,  of 
London. 

On  an  Improved  Locomotive  Engine ;  by  Mr.  Joseph  Beattie,  of 
London. 

On  Berdau's  Crushing  and  Amalgamating  Machine  ;  by  the 
Secretary. 

On  a  New  Eailway  Train  Signal ;  by  Mr.  Edward  J.  Payne,  of 
Birmingham. 

On  a  Safety  Apparatus  for  Working  Mine  Shafts ;  by  Mr. 
Archibald  Slate,  of  Dudley. 

On  an  Improved  Construction  of  Moulds  for  Casting  Metals  ;  by 
Mr.  Eobert  Jobson,  of  Dudley. 

On  an  Improved  Piston  for  Steam  Engines ;  by  Mr.  John 
luimsbottum,  of  Manchester. 
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Ou  an  Improved  Water  Filter ;  by  Mr.  Archibald  Slate,  of 
Dudley. 

Description  of  the  Wrougbt-Iron  Roof  over  the  Central  Eailway 
Station  at  Birmingham  ;  by  Mr.  Edward  A.  Cowper,  of  London. 

On  Kind's  Improved  System  of  Boring;  by  Mr.  Samuel  H. 
Black  well,  of  Dudley. 

Description  of  an  Improved  Steam  Travelling  Crane;  by  Mr. 
William  Fair  bairn,  of  Manchester. 

On  a  New  Steam  Engine  Boiler ;  by  Mr.  Thomas  Forsyth,  of 
Wolverton. 

On  Prideaux's  Self-Closing  Valve  for  Preventing  Smoke  in 
Steam  Boiler  and  other  Furnaces;  by  Mr.  John  E.  Hodgkin,  of 
Birmingham. 

Description  of  an  Improved  Locomotive  Piston  ;  by  Mr.  James 
E.  McConnell,  of  Wolverton. 

On  an  Improved  Steam  Engine  Boiler  ;  by  Mr.  Henry  Wright,  of 
Saltley. 

Description  of  a  Friction  Hammer;  by  Mr.  James  Kitson,  of 
Leeds. 

It  is  with  feelings  of  deep  regret  that  the  Council  have  to 
refer  to  the  decease  of  the  respected  Treasurer  of  the  Institution, 
the  late  Mr,  Charles  Geach,  who  had  filled  that  office  frt^m  the 
commencement  of  the  Institution ;  since  his  decease,  Mr.  Henry 
Edmunds,  Manager  of  the  Birmingham  and  Midland  Bank,  has  kindly 
consented  to  carry  on  the  duties  of  the  office,  pro  tern.,  until  the  present 
Annual  Meeting,  when  a  Treasurer  has  to  be  elected. 

The  Officers  of  the  Institution,  and  five  of  the  Members  of  the 
Council  in  rotation,  will  go  out  of  office  this  day,  according  to  the 
Rules  of  the  Institution  ;  and  the  ballot  will  be  taken  at  the  present 
Annual  Meeting  for  the  election  of  the  Officers  and  Council  for  the 
ensuing  year. 


The  CuAiRMAN  moved  that  the  report  now  read  be  received  and 
adojjtcd. 
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The  motion  was  seconded  by  Mr.  Everitt,  and  passed. 

Mr.  FoTHEKGiLL  then  moved  that  tlie  following  Eule  of  the 
Institution  be  exijunged  : — Section  VII.,  Eule  1.  "  Every  member 
shall  lay  one  communication,  at  least,  before  the  Institution,  in  each  year, 
tending  to  advance  professional  knowledge  ;  or  shall  pay  a  fine  of  £1 
towards  the  library  funds."  He  stated  that  the  rule  had  never  been 
acted  upon,  and  suggested  that  it  would  be  preferable  to  remove  it  from 
the  Kules  of  the  Institution. 

The  motion  was  seconded  by  Mr.  Clift,  and  passed. 

The  Chairman  announced  that  the  Ballot  Papers  had  been  opened 
by  the  Committee  aj^pointed  for  the  puri^ose,  and  the  following  Officers 
and  Members  of  Council  were  duly  elected  for  the  ensuing  year : — 


William  Fairbairn, 

.     Manchester. 

VICE-PRESIDENTS. 

Samuel  H.  Blackwell, 

.     Dudley. 

James  E.  McConnell,  . 

.     Wolvertou. 

John  Penn,     .... 

.     London. 

Archibald  Slate,     .     . 

.     Dudley. 

John  Scott  Eussell,  .     . 

.     London. 

Joseph  Whitworth,     .     . 

.     Manchester. 

COUNCIL. 

John  Henderson,     .     . 

.     Birmingham. 

Matthew  Kirtley,  .     . 

.     .     Derby. 

James  Kitson,      .     .     . 

.     .     Leeds. 

Henry  Maudslay,    .     . 

.     .     London. 

John  Eamsbottoji,   .     . 

.     .     Manchester. 

Henry  Wright,  .     .     . 

.     .     Birmingham. 

seceetar 

Y. 

William  P.  Marshall, 

.     .     Birmingham. 

The  folhjwing  New  Members  were  also  elected 


ANNUAL   REPORT. 
MEMBERS. 

John  IToward  Blackwell,  .  Smethwick. 
William  Beckett  Johnson,  ,  Manchester. 
Charles  Clement  Walker,   .     Tiptou. 


Blr.  Sampson  Lloyd  moved  that  Mr.  Henry  Edmimds,  of  the 
Birmingham  and  Midland  Bank,  be  appointed  the  Treasurer  of  the 
Institution. 

The  motion  was  seconded  by  Mr.  Thornton,  and  passed. 
The  Chairman  said  he  wished  to  express  his  thanks  to  the  members 
for  the  honour  he  had  received  of  being  again  elected  President  of  the 
Institution.  It  was  a  great  pleasure  to  him  to  assist  by  all  means  in 
his  power  in  the  advancement  and  benefit  of  the  Institution,  and  his 
best  exertions  should  be  always  devoted  to  carrying  out  that  object  ; 
and  he  felt  confident  of  its  successful  progress  under  the  active  and 
cordial  support  of  the  OfiScers  and  Council. 

He  felt  a  great  interest  in  the  Institution,  and  he  considered  it  an 
honour  to  occupy  his  present  position  in  an  Institution  so  eminently 
useful  and  practical  in  character,  which  had  made  such  important 
progress,  and  which  had  had  two  such  distinguished  men  preceding 
him  in  his  present  office — their  greatly  respected  first  President, 
whose  memory  all  revered,  and  whose  genius  and  indomitable 
perseverance  had  realised  for  mankind  the  incalculable  benefits  of 
railway  communication — and  his  son,  their  last  President,  who  had 
done  so  much  to  advance  the  engineering  works  of  the  world. 

To  the  mechanical  engineers  of  this  and  other  countries  they  were 
indebted  for  many  advantages  and  comforts  of  which  their  forefathers 
were  deprived  ;  and  the  labours  and  discoveries  of  Watt  and  Arkwright 
and  many  others  showed  what  had  been  effected  in  all  the  requirements 
of  mechanical  science,  and  the  advantages  and  benefits  that  may  be 
reasonably  anticipated  in  the  further  development  of  an  art  which  was 
far  from  being  exhausted,  and  in  so  many  directions  offered  a  wide 
field  for  the  exercise  of  the  talents  and  energies  of  the  active  student. 
These  considerations  were  important  stimulants  for  exertion,  well 
deserving  the  attention  of  all  members  of  the  Institution. 
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The  Chairman  coDgi-atiilatcd  the  members  on  the  very  prosperous 
and  cheering  position  of  the  Institution,  and  observed  it  was  very 
gratifying  to  see  so  successful  and  continued  a  progress ;  and  from  its 
growing  prosperity  and  usefulness,  he  looked  forward  with  the  most 
sanguine  expectations  to  a  considerable  increase  of  members  and  an 
extended  sphere  of  action  in  every  department  and  object  contemplated 
by  the  lustitutiou. 

In  the  collection  of  a  Library,  a  nucleus  had  been  formed,  from 
which  he  trusted  would  spring  a  valuable  and  extensive  library  for 
reference  and  consultation ;  such  an  Institution  should  possess  a  good 
library,  and  he  trusted  all  the  members,  and  those  interested  in  the 
advancement  of  the  Institution,  would  bear  in  mind  that  donations  of 
books  would  be  thankfully  received  by  the  Council.  In  addition  to 
the  library,  he  looked  forward  to  the  prospect  of  forming  a  collection 
of  models  and  drawings  of  mechanical  contrivances  ;  and  he  hoped  the 
younger  members  would  take  the  opportunity  of  adding  to  the  stock 
of  the  Institution  by  presenting  models  and  mechanical  drawings  that 
they  might  be  able  to  prepare.  From  such  contributions  there  would 
be  formed  in  time  a  museum  and  record  of  inventions  that  would  prove 
highly  useful  to  the  members,  and  generally  beneficial  as  a  public 
record. 

The  Chairman  observed  that  in  the  jiapers  read  before  the 
Institution,  there  had  been  a  great  number  of  valuable  and  useful 
subjects  brought  forward ;  and  an  important  advantage  arose  from 
the  opportunity  for  discussion,  and  the  extent  of  practical  information 
elicited  at  the  meetings.  The  character  and  interests  of  the  Institution 
had  been  well  supported  by  the  papers  read,  and  he  was  confident  the 
facilities  afforded  for  bringing  forward  the  subjects  of  papers  would 
elicit  from  the  members  a  continued  series  of  valuable  communications, 
calculated  to  increase  the  efficiency,  and  advance  the  prosperity  of  the 
Institution. 


The  following  Paper,  by  Mr.  Eobert  Morrison,  of  Newcastle-on- 
Tyne,  was  then  read  : — 


»  STEAM    HAMMEB. 

DESCEIPTION  OF  AN  IMPEOYED  STEAM  HAMMER. 

The  object  of  the  Author  in  the  invention  of  this  Hammer  has 
been  to  prevent  the  great  wear  and  tear  and  liability  to  derangement 
which  have  been  experienced  in  the  ordinary  steam  hammers,  and  which 
form  a  serious  drawback  to  the  use  of  this  powerful  and  valuable  tool. 

In  the  ordinary  Nasmyth's  hammer,  the  hammer-head  is  attached 
to  the  lower  end  of  the  steam  piston-rod  (as  in  the  Diagram,  Fig.  1, 
Plate  1),  and  is  guided  in  falling  by  sliding  between  the  side  cheeks 
of  the  frame,  which  have  a  shallow  projecting  rib  entering  a  groove 
in  each  side  of  the  hammer-head. 

The  nature  of  the  working  requires  in  practice  a  considerable 
amount  of  play  to  be  left  between  the  guiding  cheeks  and  the  hammer 
sides,  to  allow  sufficient  freedom  for  the  hammer-head  in  falling, 
and  this  causes  a  violent  shake  and  jar  at  each  blow  of  the  hammer. 
The  blow  being  rai'cly  in  the  centre  of  its  face,  causes  part  of  the  force 
to  be  spent  in  a  side  blow  of  the  hammer  against  one  of  the  guiding 
cheeks,  and  the  continued  repetition  of  these  side  blows  indents  and 
wears  away  rapidly  the  rubbing-faces  of  the  guides  and  harumer, 
increasing  the  side  play  and  the  extent  of  injurious  action.  A  serious 
jar  is  also  felt  by  the  piston  at  the  other  end  of  the  rod  at  each  blow 
of  the  hammer,  which  causes  so  rapid  a  failing  of  the  packing  as  to 
make  the  frequent  necessity  (sometimes  weekly)  of  repacking  the  piston, 
a  very  serious  inconvenience  and  expense.  Also,  this  often  breaks  the 
piston-rod  close  to  the  piston,  or  at  its  jimcture  with  the  hammer- 
block,  and  frequently  breaks  the  cylinder  cover  at  the  same  time. 

Trials  have  been  made  in  consequence  of  more  impei-fect  kinds  of 
packing  which  were  less  subject  to  wear,  and  even  of  solid  pistons 
without  packing,  but  the  waste  of  steam  of  high  pressure  consequent 
on  such  expedients  makes  it  very  important  to  remove  the  necessity  for 
them  if  possible. 

In  another  form  of  steam  hammer,  Condie's  (shown  in  the  Diagram, 
Fig.  2),  the  arrangement  of  the  cylinder  and  i)iston  is  reversed,  with 
the  view  of  diminishing  the  above  injurious  action. 

The  cylinder  rises  and  falls  with  the  hammer,  which  is  attached 
to  the  lower  end  of  it,  and  it  is  guided  by  rubbing  against  the  side 
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checks  of  the  frame  at  top  and  bottom  ;  the  piston  and  piston-rod  aro 
fixed  to  the  toj)  of  the  frame,  and  the  steam  is  admitted  through  the 
piston-rod,  which  is  tubuhxr,  and  lifts  the  cylinder  by  pressing  against 
the  top  cover.  In  this  arrangement  of  hammer  the  jar  of  the  blow  is 
not  communicated  to  the  piston,  as  in  the  other  case,  but  the  rubbing 
surfaces  of  the  hammer-guides  are  exposed  to  a  similar  injurious  action. 
The  hammer  is  also  liable  to  break  the  cylinder. 

In  the  Improved  Hammer,  the  subject  of  the  present  paper  (shown 
in  Fig.  3),  the  cylinder  remains  fixed,  and  the  piston-rod  itself  is  made 
to  form  the  hammer,  being  enlarged  in  diameter  and  prolonged  through 
the  top  of  the  steam  cylinder,  w^here  the  upper  end  is  steadied  by  sliding 
between  guides.  By  this  arrangement  the  hammer  is  guided  by  two 
large  stufling  boxes  at  the  top  and  bottom  of  the  cylinder,  and  it  works 
with  great  steadiness  and  freedom  from  friction,  as  the  rubbing 
surface  is  a  turned  cylindrical  piston-rod  fitting  closely  in  the  stuffing- 
boxes,  instead  of  the  ordinary  hammer-block  sliding  loosely  between 
the  cheeks  of  the  frame. 

This  Hammer  is  shown  in  Figs.  4  and  5,  Plates  2  and  3,  which 
represent  a  40  cwt.  hammer  on  this  construction,  having  a  clear  fall 
of  3  ft.  6  in.,  which  the  Author  has  had  at  work  for  the  last  five 
months,  at  the  Ouseburn  Engine  Works,  Newcastle-on-Tyne,  working 
day  and  night,  double  shift.  Dui-ing  this  time  there  has  not  been  half 
an  hour  lost  by  any  derangement  of  the  hammer ;  the  packing  is  as 
tight  and  good  as  when  put  on,  so  that  the  cover  has  not  been  taken 
off  the  cylinder  since  the  hammer  started.  The  large  stuffing-box  is 
also  packed  with  hemp,  and  has  not  been  unpacked  for  the  last  nine 
weeks,  and  no  enlargement  is  perceptible  in  the  gland. 

The  hammer  has  been  tried  with  35,  40,  and  50  lbs.  pressure  of 
steam,  but  has  been  found  to  work  best  at  40  lbs.  per  square  inch ;  it 
is  found  after  the  first  heat  that  no  condensation  takes  place  in  the 
cylinder,  in  consequence  of  the  bar  getting  hot,  and  any  water  that 
may  accumulate  when  not  working,  is  collected  in  the  bottom  flange 
of  the  large  gland,  and  carried  away  by  a  tube. 

Fig.  4  shows  a  back  elevation  of  the  hammer,  and  Fig.  5  a  vertical 
section  from  front  to  back. 

B 
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Tlie  main  frame  consists  of  two  vertical  standards  AA,  spread  out 
at  tlie  ft)ot  and  bolted  down  upon  the  foundation  plate,  through  which 
the  anvil-block  B  is  fixed;  these  frame  standards  have  deep  ribs 
carried  backwards  (as  shovm  in  the  sectional  i)lans,  Figs.  6,  7,  8),  and 
they  are  firmly  bound  together  at  the  top  by  the  transverse  stay  C, 
cottered  into  eyes  in  the  standards. 

The  steam  cylinder  DD,  19  inches  diameter,  is  cast  with  flanges 
EE  on  each  side,  shown  in  Fig.  8,  extending  the  whole  length,  and 
bolted  in  front  of  the  standards,  filling  the  lower  part  of  the  space 
between  them,  flush  with  the  underside  of  the  arch,  and  fitting  in  tight 
between  lugs,  so  as  to  form  a  strong  and  solid  bond  between  the  two 
standards.  The  flanges  EE  of  the  cylinder  are  flush  with  the  back, 
so  that  the  whole  body  of  the  cylinder  projects  forward  in  front  of  the 
frame.  The  top  cover  F  of  the  cylinder,  and  its  stuf&ng-box,  shown 
in  plan  in  Fig.  7,  are  made  in  two  halves ;  the  deep  bottom  stuf&ng- 
box  is  solid,  and  cast  with  the  cylinder,  forming  the  end  cover. 

The  hammer-bar  and  piston-rod  GG  is  of  wrought-iron,  10  inches 
diameter,  with  the  jiiston  H  forged  solid  upon  it  in  the  middle  of  its 
length,  a  groove  being  turned  upon  the  circumference  of  the  piston  to 
receive  a  single  brass  packing-ring,  ^  inch  thick,  packed  behind  with 
hemp.  The  upper  cross-head  I  is  also  forged  in  one  piece  with  the  bar, 
and  its  two  sides  are  planed  down  to  act  as  steadying  guides,  as  shown 
in  the  plan,  Fig.  G,  by  sliding  in  the  two  parallel  vertical  slots  in  the 
upper  part  of  the  frame,  which  are  formed  by  two  paii-s  of  bars  KK, 
bolted  iipon  the  faces  of  the  main  standards.  The  piston-rod  is  thus 
g\iided  very  perfectly  and  steadily  throughout  its  stroke. 

In  putting  the  piston-rod  into  its  place,  its  lower  end  is  passed  down 
into  the  cylinder  from  above,  and  through  the  bottom  stufling-box  until 
the  piston  enters  the  cylinder.  The  upper  divided  cover  F  is  then  put 
on  the  cylinder  above  the  piston,  and  the  two  halves  arc  bolted  together, 
and  then  bolted  down  upon  the  cylinder  in  the  usual  manner,  and  the 
upper  and  lower  stuffing-boxes  are  packed  and  screwed  up  steam-tight. 
The  hammer-face  L  is  then  cottered  on  to  the  lower  end  of  the  piston- 
rod,  projecting  beyond  the  bottom  stuffing-box. 

The  valve  gearing  consists,  as  usual,  of  self-acting  arrangements  for 
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opening  and  shutting  the  steam- valve  at  tlie  bottom  and  top  of  tlie 
stroke  respectively,  with  means  for  varying  the  length  of  stroke  of  the 
hammer  as  may  be  required. 

The  slide  valve  M  is  placed  behind  the  steam  cylinder,  with  a 
single  port  into  the  lower  end  of  the  cylinder,  communicating  with  the 
steam-pipe  N,  and  the  eduction-pipe  0 ;  and  the  valve  is  worked  from 
above  by  the  lever  Q,  which  is  acted  upon  by  a  spring  below,  arranged 
to  open  the  valve  on  the  lever  being  released.  The  valve  lever  Q  is 
jointed  to  a  vertical  rod  working  in  eyes  attached  to  the  framing,  and 
consisting  of  two  parts,  E,  S.  The  upper  part  R  is  formed  with  a 
screw-thread,  and  is  entered  into  an  internal  screw  in  the  lower 
portion  S,  which  is  tubular,  means  being  thus  provided  for  elongating 
or  shortening  the  rod  according  t(j  the  stroke.  The  valve  is  worked 
through  the  rod  E  S,  by  means  of  the  arm  T,  which  is  struck  by  the 
ascending  slide  I  of  the  hammer-bar.  The  arm  T  is  fixed  on  a  short 
horizontal  spindle,  carrying  a  short  lever,  the  point  of  which  is 
attached  by  two  links  to  the  rod  E,  so  that  when  the  arm  is  pushed 
outwards  by  the  ascending  hammer-bar,  it  causes  the  rod  E  S  to 
descend  and  close  the  steam-valve.  The  length  of  the  hammer's 
stroke  depends  upon  the  position  of  the  arm  T,  and  for  the  purpose  of 
varying  this,  the  spindle  is  carried  in  a  bush,  which  slides  in  a  vertical 
rod  U,  the  lower  end  of  which  is  screwed,  and  is  passed  through  a  nut 
in  the  centre  of  a  small  worm-wheel,  retained  in  a  fixed  collar  bearing, 
and  actuated  by  a  worm  on  the  spindle  V,  which  last  is  provided  with 
a  hand-wheel.  The  same  spindle  V  has  formed  upon  it  another  worm 
gearing  into  a  small  worm-wheel,  which  is  formed  with  a  central  eye, 
for  the  passage  through  it  of  the  tubular  rod  S.  The  worm-wlieol 
turns  this  rod,  so  as  to  screw  the  top  rod  E  in  or  out,  by  means  of  a 
groove  and  feather,  thus  not  impeding  its  vertical  movements.  By 
turning  the  hand-wheel,  the  spindle  and  arm  are  raised  or  lowered,  and 
at  the  same  time  the  rod  E  S  is  elongnted  or  shortened  in  an  equal 
degree,  so  as  always  to  maintain  the  same  position  relative  to  the 
arm  T,  and  in  order  that  this  may  have  the  same  action  uj^on  the 
valve-lever  in  whatever  position  it  may  be  vertically. 

When  the  steam-valve  is  shut  in  the  manner  described,  it  is  kept 
so  until  the  descent  of  the  hammer-bar  by  means  of  a  catch  Z,  acting 
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on  a  collar  formed  on  the  tubular  piece  S.  This  catch  is  thrown  out 
by  the  percussion  of  the  hammer's  blow,  at  whatever  point  the  blow 
may  take  eflfcct,  according  to  the  thickness  of  the  work  upon  the  anvil. 
The  means  by  which  this  is  effected  consists  of  a  bar  W,  jointed 
to  upper  and  lower  crank  levers,  vibrating  on  pins  projecting  from 
the  framing.  The  other  ends  of  these  levers  arc  jointed  to  a  vertical 
rod  X,  passing  down  to  a  short  lever  fixed  on  the  spindle,  which 
carries  the  catch  Z,  before  referred  to.  The  cross-head  I  of  the 
hammer-bar  carries  a  small  weighted  Idcker  Y,  which  strikes  against 
the  bar  W,  on  the  descent  of  the  hammer-bar,  being  caused  to  do  so  by 
the  momentum  of  the  fall  and  shock  of  the  blow.  This  action  depresses 
the  rod  X,  and  putting  the  catcli  Z  off  the  collar  of  the  rod  S,  allows 
the  spring  to  raise  the  latter,  and  at  the  same  time  open  the  steam- 
valve  so  as  to  lift  uj»  the  hammer  for  a  fresh  stroke. 

The  valve-lever  Q  has  a  handle  formed  upon  it,  in  order  that  it 
may  be  worked  by  hand. 

With  the  working  piston,  piston-rod ,  and  hammer,  in  one  solid  jjiece, 
the  liability  to  fracture  and  derangement  of  the  details  is  very  much 
diminished,  whilst  the  hammering  blows  are  of  superior  solidity  and 
effect;  and  the  bolting  of  the  steam  cylinder  between  the  frame 
standards,  at  the  junction  of  the  arch,  immediately  above  the  anvil 
or  working  level,  provides  a  most  powerful  stay  for  tying  the  frames 
well  together,  and  preventing  all  lateral  springing.  Hence  the  hammer- 
face  is  most  accurately  directed  down  upon  its  work,  and  shoulders, 
collars,  and  other  projections  can  be  hammered  down  with  certainty  to 
their  intended  size  and  form,  by  means  of  the  side  of  the  hammer. 
The  height  of  the  arch  in  this  hammer  is  of  importance,  as  it  allows 
any  article  that  can  be  forged  under  it  to  be  turned  round  without 
removing  it  from  off  the  anvil ;  whereas  the  guides  in  the  other  hammers 
have  to  be  carried  so  near  the  anvil,  that  in  forging  a  crank-axle,  or 
any  other  large  substance,  it  has  to  be  drawn  back  from  off  the  anvil 
by  the  crane  to  turn  it  round  ;  and  as  this  has  to  be  often  done,  a 
great  deal  of  time  and  heat  is  lost. 

The  position  of  the  steam  cylinder  in  front  of  the  standards  is  also 
of  great  importance  in  this  arrangement,  as  when    the  hammer  is 
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actually  between  the  frame-pieces,  the  mass  of  material  under  tlic 
hammer  must  be  angled  before  it  can  be  swaged,  and  if  it  cannot  bo 
angled,  the  operating  workman  must  necessarily  stand  between  the 
frame-pieces ;  but  in  the  present  place,  the  hammer  is  quite  clear  of 
the  framing,  so  that  the  forgeman  can  swage,  shape,  or  cut  any  work 
he  may  have  under  the  hammer,  without  the  necessity  of  standing  at 
all  beneath  the  framing  arch. 


The  Chairman  thought  the  hammer  was  well  worth  consideration  ; 
it  appeared  an  improvement  of  importance  in  overcoming  the  practical 
difficulties  that  had  been  experienced  in  the  use  of  the  steam  hammer, 
arising  from  breakage  and  wear  ;  the  jarring  and  concussion  had  been 
found  very  objectionable,  and  though  the  strength  of  the  piston-rod 
was  increased  with  a  view  to  meet  the  difficulty,  it  was  still  found  to 
break.  Mr.  Morrison's  arrangement  went  still  further,  making  the 
piston-rod  so  strong  and  heavy  as  to  serve  for  the  hammer  itself,  and 
it  had  an  advantage  in  greater  steadiness  of  action. 

Mr.  Morrison  remarked,  that  a  very  important  practical  advantage 
resulted  from  the  steadiness  and  smoothness  of  the  motion,  in  freedom 
from  accidents  and  delays  for  repair  and  packing,  instead  of  the 
frequent  and  often  weekly  stoppages  ordinarily  occurring  from  these 
causes.  The  hammer  in  use  at  his  works  had  been  in  constant  work 
night  and  day  during  the  five  months  since  it  was  started  (with  the 
exception  only  of  a  week  at  Ckristmas).  The  original  packing  of  the 
piston  had  remained  in  the  whole  time,  and  still  continued  steam-tight; 
it  consisted  of  a  single  brassring,  about  j  inch  thick,  with  ^  inch  thickness 
of  hemp  packing  behind.  The  only  breakage  that  had  yet  occurred 
took  place  in  the  original  hammer-head,  which  broke  on  the  first  or 
second  day  of  working,  from  a  defect  in  the  casting  ;  a  new  head  was 
then  put  on,  a  very  strong  soimd  casting  of  Stirling's  toughened  iron, 
and  this  had  remained  on  ever  since  ;  if  it  had  failed  it  was  intended  to 
have  tried  a  wrought-iron  head,  but  that  was  not  found  requisite ;  nor 
had  any  other  accident  or  repair  occurred  to  the  hammer. 

In  the  first  make  of  the  hammer  the  cylinder  was  placed  central 
between  the  frame  standards  (as  shown  in  Fig.  9,  Plate  3),  which 
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allowed  of  a  rather  simpler  construction,  as  it  was  not  then  reqiiisito 
to  have  separate  guides  fixed  on  in  front  for  the  top  head ;  but  this 
make  was  subsequently  abandoned,  and  the  cylinder  was  fixed 
projecting  in  front  of  the  frame,  on  account  of  the  greater  convenience 
afforded  for  the  men  in  working. 

The  Chairman  asked  how  the  hammer-head  was  fixed  on. 

Mr.  MoRUisoN  explained  that  the  head  was  bored  out  with  a  slight 
taper,  and  the  rod  keyed  in  like  an  ordinary  piston-rod;  all  the  working 
parts  being  fitted  well  and  solid.  From  the  mode  of  construction  of 
the  hammer  a  great  advantage  was  obtained  in  solidity  of  the  blow  and 
durability  in  wear.  The  friction  of  the  large  piston-rod  in  the  two 
stuffing-boxes,  it  was  feared  at  first,  might  be  found  too  great,  and  might 
interfere  with  the  efficiency  of  the  blow  of  the  hammer,  by  retarding 
its  fall ;  but  no  objection  of  this  kind  was  experienced  in  practice ;  the 
blows  were  as  quick  and  eftcctive  as  those  of  the  ordinary  steam  hammer, 
and  the  greater  steadiness  and  accuracy  was  found  very  serviceable  in 
forging  down  collars  and  such  kinds  of  work. 

Mr.  Chellingworth  inquired  whether  a  condenser  had  ever  been 
applied  to  the  cylinder  of  a  steam  hammer,  so  as  to  have  a  vacuum 
above  the  piston  in  lifting,  requiring  less  steam  power. 

Mr.  T.  FoKSYTH  said,  that  a  vacuum  hammer  had  been  invented  by 
Mr.  Naylor,  of  Norwich,  which  had,  he  believed,  been  tried  there  at  the 
Eastern  Counties  Eailway  Works,  but  he  was  not  acquainted  with  the 
particulars  of  the  trial,  nor  of  the  hammer. 

Mr.  Fexton  had  seen  Mr.  Morrison's  hammer  at  work,  and  was 
well  satisfied  with  it ;  it  worked  very  well,  and  he  thought  it  a  decided 
improvement.  He  had  found  that  the  Nasmyth's  hammers,  besides 
great  wear  of  the  guides  and  jiistons,  were  liable  to  break  off  the  cheek 
guides  by  the  side  shock  of  the  hammer.  He  had  exiierienced  several 
cases  where  new  frames  had  to  be  cast,  on  accoimt  of  the  guide-bars 
being  broken  off.  In  Condie's  hammer  separate  guides  were  fitted  on, 
which  could  be  replaced  when  broken,  independently  of  the  frame  ;  but 
in  Morrison's  hammer,  the  guides  for  the  hammer-head  were  dispensed 
with,  and  the  injurious  side  shock  was  prevented. 

Mr.  May  had  found  great  difficulty  at  first  in  working  a  Nasmyth's 
hammer,  which  he  had  used  at  Ipswich,  from  the  frequent  breakages, 
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more  particularly  of  the  piston-rod ;  but  tliis  was  afterwards  entirely 
removed  by  mounting  the  anvil  upon  india-rubber  springs.  The  anvil- 
block,  weighing  about  9  tons,  was  bedded  upon  20  or  30  pieces  of  india- 
rubber  (ordinary  buffer  rings,  placed  two  together,  one  upon  the  other), 
the  elasticity  of  which  allowed  the  anvil  to  sink  slightly  under  the  blow, 
probably  less  than  J  inch,  and  prevented  the  injurious  concussion  of 
the  hammer,  but  did  not  perceptibly  interfere  with  the  efficiency 
of  the  blow  upon  the  work. 

Mr.  Henderson  had  had  two  Nasmyth's  hammers  at  work  for  a 
considerable  time,  and  had  not  exj)erienced  so  much  difficulty  in  their 
working  as  had  been  mentioned  ;  but  the  inconvenience  of  the  frequent 
stoppages  caused  by  repacking  the  piston  or  repairing  breakages  was 
certainly  so  serious,  that  he  thought  if  the  new  hammer  of  Mr.  Morrison 
continued  as  free  from  these  defects  as  had  been  represented,  it  would 
have  an  important  practical  superiority. 

He  had  found  that  the  difficulties  in  repairs  were  greater  in  the 
first  instance,  because  the  first  hammer  fixed  at  London  Works  had  the 
anvil  fixed  on  concrete.  The  damage  and  repairs  were  lessened  by 
making  an  alteration,  and  refixing  the  anvil-block  on  a  deep  foundation 
of  timber  (say  to  the  extent  of  a  cube  of  nine  feet  on  each  side),  which 
provided  sufficient  elasticity,  and  prevented  the  shock  from  being  so 
severe  upon  the  hammer  and  machinery,  without  in  any  way  interfering 
with  the  efficiency  of  working.  A  timber  foundation  of  similar  con- 
struction was  applied  afterwards,  with  the  same  advantage,  to  a  second 
hammer. 

These  two  hammers  are  employed  entirely  for  forging  Lieut.  Eogers' 
small-palmed  anchors,  and  in  consequence  of  the  nature  of  the  work, 
which  is  chiefly  bevelled  forging,  there  is  certainly  additional  side  strain 
and  additional  risk  of  breakage.  On  account  of  the  nature  of  the  work, 
the  necessity  of  moving  it  round  and  getting  at  all  sides  of  it,  in  putting 
up  the  second  hammer  the  ordinary  standards  which  had  been  found 
objectionable  were  omitted.  The  cylinder  and  hammer  are  carried  by 
two  wrought-irou  girders,  spanning  the  full  width  of  the  shop,  which 
is  about  35  feet  in  the  clear.  These  girders  are  fixed  about  7  feet  clear 
height  from  the  shop  floor,  and  the  cylinder  and  guides  are  fixed  in 
the  centre  of  the  length,  so  that  the  ordinary  standards  are  dispensed 
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with,  ami  the  space  is  left  uninterrupted  and  free  all  round  the 
hammer,  an  arrangement  which,  affords  great  facility  for  this  particular 
kind  of  work. 

Mr.  Henry  Maudslat  observed,  that  Messrs.  Maudslay,  Sons,  and 
Field  had  employed  three  Nasmyth's  hammers  for  several  years,  and 
the  principal  difficulty  they  had  experienced  in  working  them  was  the 
breakage  of  the  pistons,  which  hnd  caused  much  trouble ;  but  they  had 
since  applied  solid  wrought-iron  pistons,  and  the  hammers  now  worked 
very  satisfactorily  ;  he  thought  that  if  the  piston  and  rod  were  forged 
in  one,  as  suggested,  the  alteration  would  be  found  a  great  improvement. 

A  simple  and  useful  apparatus  had  been  attached  to  these  hammers 
by  their  foreman,  Mr.  John  Ballard  (formerly  of  H.  M.  Dockyard, 
Woolwich),  for  the  purpose  of  facilitating  the  changing  of  the  mould  or 
anvil-face,  which  deserved  notice  as  very  convenient,  and  a  saving  of  time 
and  laboiu'.  A  hook  was  passed  round  the  piston-rod  and  attached  by  a 
chain  to  the  anvil-face,  which  was  lifted  out  by  making  the  hammer 
raise  itself  slowly  by  the  steam,  and  any  mould  could  be  changed  in 
the  anvil-block  in  the  same  way  by  working  the  hammer ;  to  change 
the  mould,  when  lifted  from  the  anvil,  it  was  hooked  on  to  a  long  chain 
suspended  from  a  pulley  in  the  roof,  and  by  the  pendulous  motion 
of  the  chain  after  disengaging  it  from  the  hammer,  the  mould  was 
swung  away  to  a  distant  jiart  of  the  shop,  out  of  the  way  of  the  men, 
and  another  one  was  brought  in  its  place ;  by  this  plan  all  the  space 
round  the  hammer  was  kept  clear  for  the  work,  and  the  moulds  could 
be  quickly  changed  when  required. 

Mr.  CowPER  remarked,  that  in  the  arrangement  of  Morrison's 
hammer,  a  considerable  advantage  was  due  to  the  circumstance  that  the 
weight  of  the  hammer  was  distributed  over  the  great  length  of  the 
piston-rod,  instead  of  being  concentrated  in  a  short  block  at  the  lowest 
point,  as  in  Nasmyth's  hammer.  In  the  latter,  the  height  of  the 
hammer-block  being  only  about  double  its  breadth,  a  line  drawn  from 
its  centre  of  gravity  to  one  of  the  bottom  edges  would  have  a  very 
considerable  inclination,  and  consequently,  whenever  a  blow  was  struck 
on  the  edge  of  the  hammer  face,  a  considerable  proportion  of  the  force  of 
the  blow  would  be  received  on  the  side  guides  as  a  severe  lateral  blow, 
the  continued  repetition  of  which  would  load  to  injurious  wear  of  the 
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face  of  the  guides.  But  in  Morrison's  hammer,  the  height  of 
the  hammer-block  itself  being  12  or  14  times  its  breadth,  its 
centre  of  gravity  would  be  about  in  the  position  of  the  piston,  and  the 
corresponding  line  drawn  to  the  bottom  edge  would  have  very  little 
inclination,  and  consequently,  the  amount  of  lateral  strain  would  be 
almost  imperceptible.  This  circumstance  appeared  to  him  to  account 
for  the  mode  of  guiding  the  piston-rod  being  found  sufficient  for  the 
hammer,  and  the  stuffing-boxes  would  most  probably  have  failed,  had 
not  the  source  of  lateral  strain  that  existed  in  the  ordinary  harmner  been 
removed.  It  was  like  striking  a  blow  with  the  end  of  a  long  ram,  as 
compared  with  the  blow  of  a  short  hammer-head,  and  the  effect  would 
certainly  be  advantageous  in  the  durability  and  steadiness  of  the 
hammer. 

IVIr.  Beyer  had  not  found  any  serious  difficulty  in  the  working  of 
Nasmyth's  hammer,  during  five  years'  experience  of  the  working  of  one 
of  them  ;  it  had  worked  very  satisfactorily,  and  without  any  material 
repair  for  at  least  half  the  time.  He  had  also  had  one  in  use  for  about 
four  months  at  his  own  works,  and  had  not  experienced  any  trouble  with 
it.  He  thought  that  Nasmyth's  hammer,  if  kept  up  well  in  repair,  and 
not  allowed  to  continue  working  out  of  repair,  proved  a  very  efficient 
and  satisfactory  tool ;  and  he  did  not  see  that  a  sufficient  advantage 
was  gained  in  the  new  form  of  hammer  that  had  been  described,  to 
compensate  for  the  additional  guide  and  stuffing-box. 

Mr.  FoTHEEGiLL  inquired  what  kind  of  work  had  been  forged  with 
the  Nasmyth  hammer  that  had  been  last  mentioned ;  as  the  amount  of 
wear  and  injury  would  depend  very  much  on  the  natiu-e  of  the  work, 
and  whether  light  or  heavy  blows  were  required. 

Mr.  Beyer  replied  that  the  hammer  had  been  employed  for  foi-ging 
all  kinds  of  uses  for  locomotive  engine  work,  and  would  include  all 
general  varieties  of  work,  both  heavy  and  light. 

The  Chairman  thought  the  form  of  steam-hammer  brought  forward 
by  Mr.  Morrison  appeared  a  very  ingenious  arrangement,  possessing 
advantages  in  the  steadiness  of  its  action  and  the  accuracy  with  which 
the  hammer  was  guided ;  the  freedom  from  accident  and  repairs  was 
also  very  satisfactory.  If  the  hammer  continued  to  work  with  so  little 
repairs  and  trouble  as  had  been  stated,  he  thought  it  would  certainly  be 
an  important  improvement,  and  remove  a  source  of  serious  iuconvcnicnce 
and  expense  in  the  ordinary  steam  hammer. 

c 
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He  proposed  a  vote  of  thanks  to  Mr.  Morrison,  which  was  passed. 


Tho  following  Paper,  by  Mr.  Edward  J.  Payne,  of  Birmingham, 
was  then  read : — 

OX  A  NEW  MANUFACTURE  OF 
COMPOUND  METALLIC  EODS  AND  BAPS. 

At  a  time  like  the  present,  when  the  high  price  of  iron  is  of 
such  importance  to  the  consumers  of  Pods  and  Bars,  descriptions 
of  iron  very  extensively  employed  in  many  of  the  staple  trades  of 
this  neighbourhood,  there  may  be  some  interest  attached  to  the 
results  of  some  experiments  lately  made  with  the  view  of  producing 
an  economical  substitute  for  solid  iron  rods  and  bars,  such  as  are 
mainly  employed  in  the  manufacture  of  fences,  railing,  hurdles, 
metallic  bedsteads,  and  many  other  purposes. 

The  specimens  now  exhibited,  though  somewhat  crude,  serve  to 
elucidate  the  principle  of  the  process. 

They  are  small  samples  cut  from  lengths  of  rods  and  bars  rolled 
in  tlie  following  manner  : — Two  skelps  of  iron  of  the  requisite  weight, 
previously  ascertained,  and  of  the  section  shown  at  A,  in  Fig.  2, 
Plate  4,  are  placed  together  to  form  a  cylinder,  as  in  Fig.  1 :  and 
two  similar  skelps,  BB,  but  of  a  somewhat  larger  size,  are  laid  round 
this  cylinder  in  such  a  manner  as  to  break  or  cross  the  joints,  as 
shown  in  Fig.  1.  The  whole  is  then  bound  together  with  iron  hoops 
or  strong  wire,  and  a  short  piece  of  solid  metal  driven  into  one  end 
of  this  cylinder,  which  is  then  filled  with  sand,  earth,  or  ashes,  and 
well  and  tightly  rammed  and  dried,  after  which  the  open  end  is 
plugged  in  the  same  way  as  the  opposite  one  had  been. 

The  billet  thus  charged  is  put  in  the  furnace,  and  when  at  a 
sufficient  heat  is  removed  to  the  rolls,  and  rolled  out  precisely  as 
solid  iron  ;  the  sand  core  being  reduced  in  very  nearly  the  same 
proi)ortion  as  the  iron.  The  exactness  of  this  proportion  dejiends 
entirely  upon  the  tliorough  ramming  of  the  core  in  the  billet,  for  if 
the  sand  bo  loose,  it  follows  that  by  the  compression  of  the  core  in 
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rolling,  tlie  iron  makes  up  the  deficiency  in  diameter,  and  a  shorter 
length  of  rod  than  the  billet  was  calculated  to  make  is  the  result. 
Some  of  the  specimens  show  this  result  clearly.  The  area  of  sand 
in  the  billet  shown  full  size  in  section  in  Fig.  13,  was  one  of  iron  to 
one  of  sand,  or  half  sand,  but  after  rolling  and  reducing  it  to  the 
size  of  section  in  Pig.  14,  and  nearly  20  feet  in  length,  it  was  found 
to  have  assumed  the  proportion  of  one  and  a  half  iron  to  one  of  sand, 
or  only  f  ths  sand. 

It  will  be  perceived  by  the  specimens,  that  the  sand  during  the 
process  has  become,  by  the  heat  and  great  pressure,  a  semi-vitreous 
body  of  exceeding  hardness,  so  close  in  its  texture  as  to  bear  a  polish  ; 
and  this  appears  to  add  (in  conjunction  with  the  tubular  form  of  the 
metallic  portion  of  the  rod)  very  great  additional  strength  ; — for  upon 
testing  one  of  the  specimens  about  fths  of  an  inch  in  diameter  against 
a  length  of  solid  iron  rod  of  the  same  diameter,  by  placing  both  upon 
benches,  and  suspending  weights  from  the  centre,  the  compound  rod 
was  found  to  sustain  without  deflection  a  weight  that  nearly  doubled 
up  the  solid  rod. 

Fig.  11  is  a  section  shown  half  size  of  a  billet  3  inches  diameter, 
made  of  a  single  skelp  turned  up  into  a  cylinder,  and  containing 
the  same  proportion  of  sand,  viz.,  one  half;  after  being  rolled  down 
to  the  size  shown  in  Fig.  12,  f  inch  diameter,  the  result  showed  a 
diminution  in  the  proportion  of  sand,  the  finished  rod  being  in  the 
proportion  of  1^  iron  to  1  of  sand,  or  f  ths  area  of  sand.  This  was 
done  at  the  Cwm  Avon  Works  in  South  Wales. 

Some  of  the  rods  produced  have  been  made  from  biUets  turned  up 
into  a  cylinder  from  a  flat  skelp  in  gun-barrel  rolls,  and  one  from  the 
breech  end  of  a  twisted  gun-barrel ;  this  was  of  coui-se  done  merely  as 
an  experiment,  as  it  appeared  .to  be  the  worst  description  of  tube  for 
the  purpose ;  the  core  however  proved  as  sound  as  any  of  the  rest. 
Generally  speaking,  the  form  of  billet  first  described  appears  to  be 
the  best,  and  it  is  certainly  the  least  expensive. 

Thus  far  the  manufacture  has  been  described  of  round  rods.  For 
square  rods  and  flat  bars,  the  same  description  of  billet  is  employed, 
varying  only  in  section;    thus,  for  a   square   rod,   a  billet  of  the 
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section  shown  iu  Fig  5,  composed  of  two  skelps  of  a  y  form,  as 
seen  in  Fig.  6,  at  FF,  will  be  used  ;  and  for  a  flat  bar,  the  section  in 
Fig.  3,  made  of  skelps  of  angle  iron,  as  in  Fig.  4,  would  be  employed, 
the  operation  of  rolling  being  identical  with  that  now  in  use  for  solid 
iron. 

It  now  remains  to  show  the  results  attained  by  these  experiments, 
as  to  the  saving  of  cost  in  the  manufactui'ed  rod.  The  most 
complete  estimate  in  the  possession  of  the  writer  is  one  furnished 
from  the  works  in  South  Wales,  where  the  greater  portion  of  these 
experiments  have  been  made,  which  is  the  following : — 

Assuming  the  present  price  of  the  rolled  skelps  of  the  sections 
shown  to  be 

£      s.        d. 

9  10     0    per  ton, 
rll   •'»  1 0     0   J  P^^'  *^^'  ^*^^'  ^^  making,  ramming,  and  plugging  the 
I  billets,  including  cost  of  sand, 

add  10     0   per  ton  for  contingencies  and  waste. 

£13     0     0    Total  cost  of  working  up  one  ton  of  iron  into  a  length 


equivalent  to  that  which  would  be  produced  from  two  tons  of  solid 
iron ;  giving  the  price  of  the  rods  or  bars  containing  half  sand, 
£6  10s.  per  ton  measurement,  or  a  saving  of  about  £3  for  the  same 
length  of  rod  or  bar.  But  it  should  be  remembered  that  these 
experiments  have  been  confined  to  the  production  of  rods  not  exceeding 
one  inch  in  diameter,  and  that  as  the  diameter  of  the  rod  increases, 
a  considerably  greater  proportion  of  sand  than  one  half  can  be 
introduced,  consequently  a  ton  of  iron  may  be  made  to  produce  more 
than  two  tons  measurement  of  the  larger  rods  or  bars  ;  this  estimate 
of  the  saving  on  an  average  of  all  marketable  sizes,  would  therefore 
be  rather  within  the  mark  than  otherwise. 

The  samples  of  rails  upon  the  table,  and  shown  in  Figs.  8  and  10, 
were  also  rolled  at  the  same  works  in  South  Wales,  with  a  view  of 
testing  the  api)licability  of  the  invention  to  eflfect  a  saving  of  metal 
in  this  branch  of  manufacture. 

The  piles  shown  in  Figs.  7  and  9  were  made  in  the  usual  manner, 
with    upper   and   lower  plates  of  No.  2  iron,  the   remainder  being 
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puddled  bars,  and  having  a  lioUow  in  tlie  centre,  for  the  reception 
of  the  core ;  the  sand  was  in  this  case  first  rammed  in  a  core-box, 
DD,  made  of  plate  iron,  ^  in.  thick.  In  one  of  these  piles  the  core 
was  4^  inches,  in  the  other  3J  inches  square,  but  the  ends  were 
left  unplugged;  the  result  of  the  rolling  showed  that  the  sand 
assumed  very  much  the  form  of  the  rail,  but  from  the  omission  of 
the  plugging,  the  area  of  the  section  of  sand  in  the  rails,  as  seen  at 
SS,  is  not  nearly  so  great  in  proportion  as  that  of  the  one  introduced 
in  the  pile. 

Some  samples  of  small  copper  tubes,  made  on  the  same  principle 
as  the  iron  rods,  are  also  shown  among  the  specimens,  the  only 
difference  in  their  manufacture  being,  that  the  billets  were  in  this 
case  drawn  cold,  consequently,  the  sand,  not  being  vitrified,  was 
readily  removed  afterwards  from  the  bar,  leaving  it  an  open  tube  ; 
but  these  may  be  more  easily  made  by  charging  the  billets  (the 
cylinders  for  which  are  cast  as  shown  by  the  specimen  exhibited) 
either  with  pure  silica  or  plaster  of  Paris,  neither  of  which  will 
vitrify,  and  then  rolling  them  hot  in  the  same  manner  as  the  iron 
rods.  This  kind  of  core  undergoing  no  change  by  the  action  of  the 
fixe,  may  be  bored  out  with  ease. 

Further  experiments  are  now  being  made,  with  the  endeavour  to 
produce  rods  having  a  mere  skin  of  iron  on  the  strong  core,  the 
result  of  which  the  writer  will  be  happy  to  communicate  on  a  future 
occasion. 


The  Chairman  thought  the  subject  of  the  paper  appeared  one  of 
considerable  interest,  and  well  deserving  consideration  in  connection 
with  the  present  high  price  of  iron.  Some  other  applications  of  the 
plan  might  perhaps  be  worth  considering,  such  as  the  case  of  long  lines 
of  shafting,  where  it  would  be  useful  to  obtain  great  rigidity  with  a  less 
quantity  of  iron.  The  value  of  the  plan  would  depend  much  on  a  uni- 
form regularity  being  obtained  in  the  position  of  the  sand  core  in  the 
bars  when  finished ;  and  he  inquired  the  cause  of  some  irregularity 
that  appeared  in  the  specimens  of  rails  and  some  of  the  bars. 
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Mr.  Patxe  replied  that  the  specimens  of  rails  were  the  results 
of  only  the  first  experiments,  made  for  the  purpose  of  trying  the 
applicability  of  the  process  to  such  a  manufacture,  and  the 
practicability  of  drawing  down  the  sand  and  iron  together  under  such 
circumstances  They  were  imperfect  specimens  of  the  process,  and 
the  irregularity  in  the  sand  core  was  caused  by  not  having  the  sand 
rammed  hard  enough  at  the  commencement,  and  not  plugging  up 
the  ends  of  the  billet.  In  forming  a  double-headed  rail,  it  had 
been  intended  to  introduce  a  sand  core  in  the  centre  of  each  head, 
extending  partly  down  the  stalk  of  the  rail,  but  separated  by  about 
an  inch  of  solid  iron  in  the  centre  of  the  stalk,  for  the  purpose 
of  tying  the  two  sides  of  the  metal  together.  The  application  of 
the  process  to  rails  had  not,  however,  been  considered  of  so  much 
importance  as  its  use  in  various  forms  of  bar  ii'on  to  which  it 
appeared  more  particularly  applicable. 

The  Chairman  thought  there  would  be  considerable  difficulty  in 
the  application  of  the  process  to  rails,  and  there  would  be  a  danger 
of  their  bulging  out  in  the  centre,  when  subjected  to  the  crushing 
action  of  the  wheels  rolling  upon  them. 

Mr.  Mathews  asked  whether  the  labour  of  ramming  the  sand 
into  the  pile  could  be  reduced  by  any  ju-ocess  of  rimning  vitrified 
sand,  or  other  liquid  material,  into  the  hollow  centre  of  the  pile  ? 

Mr.  Payne  replied,  that  any  process  of  that  kind  would  require 
a  complete  tube  to  be  first  produced  and  filled  vdtla  the  material ; 
but  that  by  the  present  process,  the  expense  of  making  a  tube  was 
avoided,  and  the  skelps  were  welded  together  at  the  time  of  rolling 
out  the  whole ;  the  object  was  to  weld  the  tube  by  the  same  process 
as  drawing  down  the  compound  bar. 

Mr.  May  remarked,  that  the  core  did  not  become  vitrified  in  the 
process,  but  appeared  to  remain  sand  in  all  the  specimens,  and 
this  constituted  its  value  in  the  process ;  the  heat  was  not  sufficient 
to  vitrify  the  sand,  which  remained  solid,  and  did  not  melt  or  vitrify, 
but  became  only  more  condensed  and  drawn  out  in  form. 

Mr.  FoTHEUGiLL  obscrvcd,  that  the  cores  in  many  of  the 
specimens  were  out  of  the  centre,  and  in  any  apjjlicatiou  of  the 
plan  to  the  mauufactui'c  of   shafting,  it  would  be  essential   for  the 
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core  to  be  kept  exactly  in  the  centre ;  if  there  were  any  deviation 
in  this  respect  it  would  be  a  serious  objection,  as  the  thickness  of 
metal  would  be  unequal,  and  might  be  almost  cut  through  where 
journals  were  turned  down  upon  the  shaft. 

Mr.  Henry  Matjdslay  suggested,  that  the  shaft  might  be  made 
solid  at  the  ends  if  required  to  be  turned  down,  and  the  other 
bearings  made  by  shrinking  on  collars  to  avoid  turning  down  the 
shaft,  according  to  the  present  practice  in  ordinary  solid  shafting." 

Mr.  FoTHEEGiLL  thought  there  would  be  a  difficulty  in  regulating 
the  position  of  any  solid  parts  in  the  manufacture  of  the  shaft,  to 
provide  for  turning  down  in  the  right  place. 

Mr.  Fenton  remarked,  that  if  the  core  was  not  truly  in  the  centre, 
the  shaft  would  be  out  of  balance  and  lob-sided,  causing  a  very 
objectionable  vibration  and  unsteadiness  at  high  speeds. 

Mr.  Payne  exjjlained,  that  if  the  core  was  truly  placed  in  the 
billet,  it  was  found  to  remain  quite  true  throughout  the  process  of 
rolling.  The  early  specimens  shown  were  imperfect  in  this  respect 
on  account  of  the  imperfection  in  forming  the  original  billets  in  the 
first  experiments ;  but  by  the  present  plan  the  two  equal  thicknesses 
of  skelp  forming  the  metallic  portion  of  the  rod,  insured  an  equal 
thickness  of  metal  all  round,  and  a  true  position  for  the  sand  core ; 
and  in  rolling  down  the  bar  the  thickness  of  metal  was  found  to  be 
reduced  with  remarkable  uniformity  in  all  parts,  so  that  he  thought 
a  correct  central  position  of  the  core  could  be  insured  after  some 
practice  in  the  manufacture. 

Mr.  Cliet  inquired  whether  any  experiments  had  been  made  to 
test  the  relative  strength  of  the  compound  bars  and  tubes  of  the 
same  size  and  thickness?  He  did  not  see  that  the  sand  core  could 
add  materially  to  the  strength  of  the  tube. 

Mr.  Payne  replied,  that  a  trial  had  been  recently  made  of  the 
transverse  strength  of  one  of  the  compound  sand-bars  |  inch 
diameter,  compared  with  a  tube  of  the  same  thickness  of  metal, 
and  also  a  solid  rod,  all  of  the  some  external  diameter;  but  in 
consequence  of  a  slight  inaccuracy  in  the  sizes  not  being  exactly 
the  same,  the  experiment  had  not  been  stated  ;  the  result,  however, 
was  that  the  sand-bar  was  considerably  stronger  than  the  hollow  tube, 
and  it  was  also  stifier  than  the  solid  rod. 
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Mr.  EvERiTT  had  witnessed  the  trials  in  making  tuhes  by  this 
process,  but  although  the  result  was  satisfactory  in  soundness  of 
tube  and  uniform  thickness  of  metal,  he  thought  the  expense 
of  getting  out  a  sand  core  would  prove  too  great  to  allow  of 
manufacturing  tubes  by  this  plan.  For  light  bars,  such  as 
fencing,  where  stiffness  was  the  main  requisite,  the  method  might 
be  very  advantageous,  producing  a  rigid  rod  at  less  expense  than 
bar-iron  of  the  same  stiffness. 

]\Ir.  Mathews  asked  what  proportion  of  sand  was  proposed  to 
be  employed. 

Mr.  Payne  replied,  that  ^  sand  had  been  hitherto  used  in  the 
bUlct,  which  became  reduced  by  the  compression  of  rolling  to 
about  f  ths  sand  with  f  ths  iron  in  the  finished  rod ;  Init  it  was 
expected  that  this  j)roportion  of  iron  would  be  reduced  by  further 
trials  to  ^,  or  perhaps  less  in  the  finished  rod. 

The  Chairman  said,  that  on  a  futui'e  occasion  they  would  be 
glad  to  receive  the  results  of  the  further  trial  and  application  of  the 
process ;  and  he  proposed  a  vote  of  thanks  to  Mr.  Payne,  which 
was  passed. 


The  following  Paper,  by  IMr.  James  Fonton,  of  Leeds,  was  then 
read : — 

DEPCPJPTIOX  OF  AN  IMPPOYED   SAFETY  YALYE.  FOP 

LOCOMOTIYE,  MARINE,  AND  STATIONARY  STEAM 

BOILEES. 

The  numerous  steam-boiler  explosions  which  bave  recently  occurred 
in  this  country  have  necessarily  given  this  subject  much  interest  and 
importance.  Not  only  has  a  vast  amount  of  property  been  destroyed, 
but  many  valuable  lives  have  been  lost  through  these  fatal  disasters — 
the  average,  it  is  believed,  exceeding  one  per  day. 

There  can  be  no  doul)t  that  in  too  many  instances  the  evil  may  be 
traced  to  the  defective  working,  or  total  stoppage  of  the  safety  valves, 
either  from  overloading  or  otherwise;  it  has  therefore  become  a  matter 
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of  importance  to  devise  an  arrangement  of  safety  valve  that  is  not 
liable  to  stick  or  lock  itself;  and  for  marine  and  stationary  boilers 
more  particularly,  one  that  the  engineer  or  boiler  attendant  cannot 
tamper  with. 

The  Author  believes  that  the  Safety  Valves  described  in  the  present 
paper  fulfil  both  these  conditions,  simply,  cheaply,  and  eflectively. 

The  single  valve  shown  in  Plate  5  is  arranged  for  a  locomotive 
boiler,  and  the  double  one,  in  Plate  6,  for  a  locomotive,  marine,  or 
stationary  boiler. 

The  improvement  in  these  valves  consists  in  the  application  of  the 
ball  and  socket  principle  throughout  the  arrangement,  and  in  the 
novel  combination  of  the  two  valves  under  one  lever. 

The  valve  is  a  sphere  resting  upon  a  spherical  seat,  and  is  provided 
with  cup  and  ball  fittings  to  the  lever  and  appendages.  A  cup  rests 
immediately  over  the  sphere,  in  connection  with  a  lever,  in  which  it  is 
held  by  a  spindle.  One  end  of  the  lever  is  held  upon  a  vertical  spindle  ; 
the  nut  by  which  it  is  secured  is  spherical  at  its  lower  end,  and  fits 
into  a  corresponding  cup  on  the  upper  side  of  the  lever.  The  long  arm 
of  the  lever  is  provided  with  a  like  fitting,  by  which  it  is  connected 
to  the  spindle  of  a  spring  balance,  while  the  lower  end  of  the 
spring  balance  spindle  is  connected  by  a  similar  one  to  a  rod  or  arm 
projecting  from  the  boiler ;  the  object  of  these  fittings  is  to  allow 
of  play  at  every  joint,  and  in  order  further  to  prevent  any  part  of  this 
valve  from  sticking,  care  is  taken  that  the  parts  which  come  in  contact 
in  forming  the  joints  shall  not  be  of  the  same  metal.  Fig.  1, 
Plate  5,  is  an  elevation  with  the  valve-seat  in  section  of  a  locomotive 
safety  valve;  Fig.  2  a  transverse  section,  and  Fig.  3  a  plan. 

A  is  the  valve,  BB  the  valve-seat  casing,  which  is  cast  in  brass  or 
gun  metal,  and  bolted  to  the  boiler  by  the  flange.  The  valve-scat  is 
formed  out  of  a  circular  edge,  turned  and  ground  to  fit  accurately  the 
valve  A  ;  the  upper  part  of  the  valve-seat  is  dished  out,  in  order  that 
directly  the  valve  is  lifted  from  its  seat  by  the  pressure  of  the  steam, 
there  may  be  sufficient  space  for  the  steam  to  blow  off  freely.  DD  are 
four  guides  to  insure  the  valve  falling  accurately  into  its  seat;  the  valve 
A  is  cast  hollow,  and  afterwards  turned  perfectly  spherical,  or  as  nearly 
so  as  possible ;  E  is  a  cup  or  cap,  cast  concave,  and  ground  to  fit  the 
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upper  part  of  the  valve ;  a  projection  or  spindle  is  cast  in  a  piece 
Avith  the  cup,  and  formed  with  a  hemispherical  end,  which  fits  into  a 
corresponding  hemispherical  cup  in  the  underside  of  the  lever  F ;  GG 
is  a  vertical  spindle,  the  lower  end  of  which  is  screwed  into  a  snug  cast 
upon  the  valve-seating  ;  the  upper  part  of  this  spindle  is  also  cut  with 
a  screw  thread,  upon  which  is  fitted  the  nut  I,  the  underside  of  which 
is  made  spherical,  and  fits  into  a  corresponding  cup  formed  in  the 
upper  part  of  the  lever  F,  a  conical  hole  being  drilled  through  the  lever 
at  this  part,  so  as  to  enable  it  to  be  passed  over  the  end  of  the  vertical 
spindle,  and  retained  there  by  the  nut  I,  which  thereby  acts  as  a 
fulcrum  to  the  lever.  The  opposite  end  of  the  lever  is  furnished 
with  a  similar  nut  and  hole,  through  which  the  screwed  end  of  the 
spindle  K,  of  an  ordinary  spring  balance  I,  is  passed,  the  lower  end 
of  the  box  of  the  balance  being  fitted  with  a  screwed  spindle,  which  is 
passed  through  the  rod  or  arm  M,  and  fitted  with  a  nut ;  the  lever 
F  is  curved  down  at  each  end,  in  order  to  bring  the  centres  of  the 
spherical  nuts  in  the  same  line  with  the  central  line  of  the  lever,  and 
thereby  to  render  the  action  of  the  valve  more  accurate  and  certain. 

Figures  4  and  5  show  a  doiible  form  of  this  safety  valve,  in  which 
two  of  the  valves  are  combined  in  such  manner,  that  when  any  action 
takes  place,  either  intentionally  or  otherwise,  the  tendency  of  which  is 
to  overweight  the  valve,  one  of  the  two  immediately  becomes  a  fulcrum 
about  which  the  other  is  raised  ;  N  O  are  the  two  valves,  each 
constructed  in  the  same  manner  as  the  foregoing ;  P  is  a  spiral 
spring,  placed  between  tlie  nut  I  and  the  end  of  the  lever,  which  acts 
cither  as  a  fulcrum  or  as  a  weight  to  the  lever,  according  to  the 
adjustment  of  the  spring  balance,  for  should  the  spring  balance  be 
screwed  down,  or  weighted  to  resist  a  greater  pressure  than  the  spiral 
spring,  then  the  latter  would  become  compressed  and  the  steam 
blow  off  through  the  valve  0 ;  but  should  the  spiral  spring  be  screwed 
down  to  an  excess  of  pressure  over  the  spring  balance,  then  the 
steam  woiild  blow  off  through  the  other  valve  N. 

It  may  be  remarked  that  the  old  class  of  valves  may  be  readily  and 
inexpensively  altered  to  the  single  valve,  on  nearly  all  locomotive 
boilers,  as  the  seatings,  spring  balances,  and  long  ends  of  the  levers, 
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can  all  be  retained  ;  and  if  required,  the  back  spring  may  be  applied 
by  simply  lengthening  the  fulcrum  bolt. 

Several  of  these  valves  have  been  in  use  on  the  locomotive  engines 
on  the  York  and  North  Midland  Railway,  for  the  last  seven  months, 
with  the  most  complete  success. 

The  double  valve  is  virtually  a  "  lock-up  valve,"  being  so  arranged 
that  the  balls  alternately  become  the  fulcrums  for  each  other,  as  the 
spring  balance  is  screwed  above  or  below  the  point  of  adjustment ;  at 
that  point  alone  do  they  both  blow  off. 

Supposing  the  required  working  pressure  in  the  boiler  to  be  100  lbs. 
per  square  inch,  the  back  spring  and  spring  balance  are  adjusted  till 
both  valves  blow  off  simultaneously  ;  the  former  is  then  locked  up, 
placing  both  valves  beyond  the  control  of  the  party  in  charge  of  the 
boiler.  The  spring  adjustment  at  each  end  of  the  lever  must  insure 
an  additional  amount  of  safety,  as  there  is  really  no  sticking  point  left 
in  the  whole  arrangement,  and  should  either  spring  get  out  of  order, 
it  can  at  once  be  ascertained  which  is  defective,  by  moving  the  long 
end  of  the  lever  up  and  down. 

Two  spring  balances  coupled  together  are  shown  on  the  drawing, 
with  the  view  of  using  the  old  ones,  when  the  double  valve  is  applied 
to  the  present  locomotive  boilers. 

Several  of  these  valves  are  now  at  work  on  stationary  boilers,  and 
perfectly  fulfil  all  the  conditions  required. 

The  guide  R,  applied  to  the  lever,  may  be  dispensed  with,  by 
properly  adjusting  the  taper  of  the  holes  in  the  lever  and  arm  for 
holding  the  bottom  of  the  spring  balance. 


The  Chairman  said,  the  proposed  arrangement  of  valve  appeared 
to  have  much  ingenuity  and  merit;  the  double  lock-up  valve  was 
particularly  simple  and  complete,  both  the  valves  being  locked  in 
effect,  but  still  free  to  move  and  blow  off. 

Mr.  Fenton  remarked,  that  it  was  found  a  practical  advantage 
of  much  importance  that  the  lock-up  spring  was  adjusted  to  the 
required  limit  of  pressure  by  the  open  spring  balance  alone;  thus 
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entirely  avoiding  the  uncertainty  of  pressure  arljustment  that  existed 
in  many  lock-up  springs,  arising  from  difficulty  in  measui-ing  the 
pressure  accurately  when  adjusted,  and  from  change  in  the  elasticity 
of  the  spring  during  Mse.  In  the  new  arrangement  this  pressure 
was  continually  checked  by  the  open  spring  balance,  and  could  be 
readily  tested  with  certainty,  by  screwing  down  the  spring  balance 
until  the  lever  began  to  lift  up  the  locked  spring  by  acting  upon  the 
front  valve  as  a  fulcriun ;  the  arrangement  formed  a  simple  and 
convenient  mode  of  obtaining  the  advantage  of  a  lock-up  safety 
valve  with  the  ordinary  pair  of  open  valves,  without  interfering  with 
their  action. 

The  Chairman  asked  whether  any  other  form  of  spring,  such 
as  a  flat  volute  spring,  had  been  tried  fur  the  lock-up  spring  ;  he 
thought  the  ordinary  spiral  sj^ring  would  probably  not  be  found  the 
best  for  the  pui'pose,  as  it  did  not  stand  so  well  under  very  heavy 
pressure. 

Mr.  Fenton  replied,  that  a  trial  of  some  volute  springs  was 
expected  to  be  made  shortly,  but  there  had  been  found  a  difficulty 
at  first  in  getting  them  made  suitable  for  the  purpose;  the 
spiral  spring  that  was  showTi  had  however  been  found  to  stand 
satisfactorily  in  the  valves  that  were  at  work,  and  when  a  greater 
pressure  was  requii-ed  than  could  be  well  obtained  with  a  single 
spring,  a  second  spiral  spring  was  added  in  the  interior  of  the  first 
one,  M'ithout  occupying  more  space,  or  altering  the  outer  casing. 

Mr.  FoTHEEGiLL  had  known  the  ordinary  safety  valves  stick  in 
many  cases  in  the  joints  of  the  levers,  arising  from  dirt,  and  also 
inaccuracy  in  the  fitting,  and  consequent  imperfection  in  the  bearing 
of  the  several  moving  parts,  causing  oblique  strain  and  friction ; 
but  the  new  valve  of  Mr.  Fenton  entirely  avoided  this  cause,  and 
the  arrangement  was  certainly  very  perfect  in  insuring  always  a 
correct  action  of  all  the  parts. 

Mr.  May  inquii'ed  whether  auy  particular  process  had  been 
adopted  for  getting  up  the  balls  of  the  safety  valves.  Ball-valves 
could  be  made  to  fit  very  accurately ;  he  remembered  a  remarkably 
j)erfect  specimen  that  was  made  by  an  old  foreman  of  IMcssrs. 
Donkiu's,  — it  was  a  glass  sphere  dro})ping  into  a  steel  plate  with  a 
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thin  knife-edge  round  the  aperture,  aud  it  fitted  perfectly  air-tight, 
although  the  surface  of  contact  was  so  exceedingly  minute. 

Mr.  Fenton  replied  that  the  best  plan  he  knew  for  the  pui-pose 
was  that  used  by  Mr.  Eamsbottom,  for  getting  up  the  ordinary 
ball- valves  of  pumps ;  two  cast-ii'on  cups  were  employed,  revolving 
in  opposite  directions,  one  inverted  over  the  other,  and  the  ball  was 
groxmd  between  them  with  emery.  The  cost  of  getting  up  the 
pump-valves  was,  he  believed,  very  small  by  this  plan,  only  about 
l^d.  per  ball,  and  they  were  made  very  perfect. 

Mr.  FoTHERGiLL  remembered  seeing  in  an  old  list  of  patents,  that 
a  machine  had  actually  been  patented  for  the  purpose  of  grinding 
children's  marbles  by  a  similar  plan. 

Mr.  Adams  remarked  that  the  common  mode  of  grinding  children's 
marbles  was  a  curious  instance  of  simplicity  in  machinery  ;  a  number 
of  stone  chips,  broken  to  size,  were  put  together  in  a  tin  box  and 
fastened  to  the  rim  of  a  water-mill  wheel,  and  there  left  to  grind 
themselves  into  shape. 

The  Chairman  inquired  what  was  the  relative  expense  of  the 
new  safety  valves,  compared  with  that  of  the  ordinary  ones  ? 

Mr.  Fenton  replied  that  the  single  valves  were  about  the  same 
cost  as  the  ordinary  ones,  but  the  double  valves  combined  under  one 
lever  were  about  one-third  less  cost  than  a  corresponding  pair  of 
ordinary  valves ;  the  cost  was  about  £13  for  the  double  valve,  and 
£10  fur  the  single  one,  including  the  spring  balances. 

The  Chairman  thought  the  plan  was  an  ingenious  improvement 
to  prevent  sticking  of  the  valves,  and  the  consequent  risk  of  accident, 
by  insuring  a  constant  free  action ;  and  it  was  a  very  simple  and 
efl&cient  arrangement  for  obtaining  a  lock-up  valve. 

He  proposed  a  vote  of  thanks  to  Mr.  Fenton,  which  was  passed. 


The  following  Paper,  by  Mr.  John  Boss,  of  Birmingham,  was 
then  read  : — 
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DESCRIPTION  OF  AN  IMPROVED  TUYERE  FOR 
SMITHS'  HEARTHS. 

The  subject  of  tlie  present  paper  is  an  improvement  upon  the 
ordinary  water-tuyere  or  tue-iron  for  smiths'  hearths,  which  has 
been  found  advantageous  in  much  increasing  the  durability  of  the 
tuyere. 

The  improved  Tuyere  has  been  in  use  for  some  years  by  the 
Author,  at  Messrs.  Brown,  Marshall,  and  Co.'s  "Works,  in 
Birmingham,  with  very  satisfactory  results,  and  also  at  some  other 
works;  several  modifications  having  been  made  of  the  same 
principle  of  construction  by  the  different  parties  who  have  adopted  it. 

The  original  suggestion  was  made  by  Mr.  John  Lee,  then  of  the 
Britannia  Foundry,  Derby,  who  about  eight  years  ago  had  his 
attention  called  to  the  defects  of  the  ordinary  water- tuyere,  when 
making  trial  of  a  number  of  cast-iron  ones  as  cheaper  substitutes 
for  the  wrought-iron  tuyeres,  in  some  large  fires  for  wheel-making 
belonging  to  the  late  Mr.  Frost,  of  Derby.  They  were  made  in  the 
usual  way,  with  a  water-cistern  above,  connected  by  gas-piping,  (as  in 
Fig.  1,  Plate  7,)  and  great  difficulty  was  experienced  in  keeping 
them  at  work,  the  ends  of  the  tuyeres  being  sometimes  burnt  out 
in  a  single  day's  work. 

It  then  occurred  to  Mr.  Lee,  that  the  intense  heat  acting  on  so 
small  a  quantity  of  water,  caused  steam  to  be  formed  at  the  end 
of  the  tuyere,  which  forced  the  water  back  into  the  cistern,  and 
prevented  a  further  supply  through  the  very  small  pipes ;  the  general 
opinion  amongst  the  workmen  was  that  the  supply-pipe  was  stopped 
up  with  dirt,  but  on  examining  several,  that  was  foimd  not  to  be 
the  case.  Mr.  Lee  then  proposed  the  construction  sho^vn  in  Figs. 
3  and  4  ;  to  have  a  large  body  of  water  always  in  connection  with  the 
tuyere,  by  opening  the  entire  end  durect  into  the  water-cistern,  so 
as  to  insure  in  all  cases  a  good  supply  of  water,  and  prevent  the 
heating  of  the  water  at  the  end  of  the  tuyere  to  so  high  a  temperature 
as  to  generate  steam. 

The  first  one  made  on  this  principle  was  put  to  work  in  1846, 
and  proved  quite  successful ;  it  was  a  single  casting,  and  similar  to 
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Fig.  3,  the  inner  pipe  being  carried  straight  through  to  the  back  of 
the  water-cistern,  for  the  blast  to  enter. 

Several  more  were  shortly  afterwards  made  upon  the  same  plan, 
and  some  with  the  inner  pipe  turned  at  right  angles,  as  in  Fig.  6, 
and  passing  out  at  the  side  of  the  cistern,  where  there  was  not 
convenient  space  at  the  back  for  the  branch  air-pipe  and  cock. 
The  pipe  has  also  been  turned  upwards,  and  in  some  cases,  where 
required  for  hand-blowing,  with  the  bellows  fixed  aloft. 

In  these  tuyeres,  the  outer  portion  alone  being  exposed  to  the 
fire,  the  inner  pipe  has  no  wear  upon  it,  and  the  outer  portion  only 
requires  renewal.  A  modification  of  the  construction,  as  shown  in 
Fig.  7,  was  suggested  by  the  Author's  Brother,  Mr.  George  Eoss, 
to  provide  for  this  by  making  the  two  portions  separate,  and  fitting 
them  together  at  the  nozzle  by  a  turned  coned  joint.  The  outer 
portion  was  thus  a  short  casting  bolted  on  by  a  flange,  easily  removed 
and  replaced  at  a  small  cost  whenever  worn  out.  The  back  end  of  the 
inner  pipe  was  passed  through  a  socket  in  the  back  of  the  cistern, 
packed  with  hemp  tightened  by  a  flange  with  bolts,  so  as  to  give  a 
little  play  for  the  unequal  expansion. 

There  are  35  tuyeres  on  this  last  construction  in  use  at  the 
Britannia  Carriage  and  Waggon  Works,  near  Birmingham,  most  of 
which  have  been  4  or  5  months  at  work,  and  they  have  proved  so 
satisfactory  that  35  more  fires  have  been  fitted  with  them ;  the 
cone  joint  at  the  nozzle  has  remained  quite  tight,  the  only  failure 
being  that  a  few  of  the  outer  pieces  have  cracked  at  the  end  from  the 
cone  joint.  This  construction  is  preferred  to  the  single  casting,  as  less 
expensive  in  repair,  and  avoiding  the  imperfection  in  coring  out  the 
water  space  at  the  nozzle,  to  which  the  single  casting  is  liable. 

The  wrought-iron  tuyere  shown  in  Figs.  8  and  9,  Plate  8,  is 
however  considered  preferable,  though  more  expensive  at  first,  as  it  is 
more  durable  than  the  cast-iron  one,  being  not  liable  to  crack,  and 
rather  thinner  in  the  metal ;  the  nozzle  is  formed  by  a  narrow  ring 
welded  solid,  and  the  back  end  is  fixed  in  the  plates  of  the  cistern  by 
a  ring  of  wood  driven  into  the  socket  in  segments,  forming  a  simple 
and  very  durable  joint. 
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The  end  of  the  inner  pipe  is  made  a  few  inches  longer  than 
necessary,  to  allow  of  cutting  off  t]ie  nozzle,  whenever  Lni-nt  out, 
and  shortening  the  tuyere  by  welding  on  another  ring  to  form  the 
nozzle. 

The  Author  has  had  seven  of  these  wrought-iron  tuyeres  in 
constant  use,  one  for  11  months,  and  the  rest  for  an  average  of  six 
months,  without  any  perceptible  wear. 


The  Chairman  inquired  where  the  improved  tuyeres  were  at 
work,  and  to  what  extent  they  had  been  adopted. 

Mr.  Eoss  replied,  that  there  were  many  of  them  in  use  in  Derby, 
and  a  number  at  his  own  works,  and  some  other  works  in  Birmingham  ; 
but  he  was  not  aware  whether  they  had  got  into  use  elsewhere  to 
any  extent  at  present.  He  had  expected  Mr.  Lee  to  be  present  at 
the  meeting,  who  would  have  been  able  to  give  more  information 
about  their  use.  Mr.  Lee  had  used  the  first  of  these  tuyeres  about 
eight  years  ago,  but  those  at  his  own  works  had  been  only  two  or 
three  years  in  use.  These  were  all  cast  iron,  but  made  so  as  to 
admit  of  adopting  the  proposed  wrought-iron  nozzles  afterwards  in 
the  course  of  repair,  as  he  considered  wrought  iron  so  much  better 
for  the  purpose  as  to  be  worth  the  extra  cost.  All  those  that  he  had 
used  had  continued  at  work  satisfactorily,  without  giving  any  trouble ; 
except  a  few  of  the  first  which  had  the  tuyere  placed  below  the 
bottom  of  the  cistern,  attached  to  the  underside,  and  were  found  to 
get  choked  up  in  time  by  the  sediment  depositing  in  the  water  space 
of  the  tuyere ;  all  the  others,  which  were  attached  at  the  side  of  the 
cistern  above  the  bottom,  remained  entirely  free  from  obstruction. 

Mr.  Beye]'.  had  seen  a  similar  construction  of  tuyere  before,  and 
considered  it  a  good  plan,  and  he  had  adopted  it  at  his  own  works 
recently,  as  preferable  to  the  ordinary  water  tuyeres ;  he  thouglit  it 
was  as  much  as  twelve  years  since  it  was  first  introduced. 

Mr.  JoxES  remembered  also  a  similar  tuyere  in  use  earlier  than 
that  time. 

The    CiiAiuMAN    remarked    that    the   mechanical   value   of   the 
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invention  was  the  more  important  question  for  consideration,  rather 
than  that  of  priority  of  invention. 

Mr.  Feenie  said  that  as  successor  to  Mr.  Lee,  at  the  Britannia 
Foimdry,  Derby,  he  could  speak  to  the  wear  and  efficiency  of  the 
improved  tuyeres,  and  he  had  found  them  very  durable  and 
satisfactory  in  work.  He  had  a  considerable  number  in  constant  use, 
and  none  of  them  had  required  replacing  during  the  last  two  years ; 
they  continued  quite  sound  and  in  good  order,  although  all  of  them 
were  cast  of  the  simplest  form,  as  in  the  first  drawing  shown,  Fig.  3. 
He  had  not  found  any  disadvantage  from  making  them  of  cast  iron, 
and  it  was  an  important  point  in  such  things  to  obtain  cheapness 
and  simplicity  of  construction ;  any  adoption  of  wrought  iron  for 
the  purpose  would  add  materially  to  the  cost,  and  he  did  not  think, 
from  his  own  experience,  that  it  was  required. 

The  Chairman  thought  the  tuyere  appeared  a  decidedly  useful 
improvement,  and  it  was  one  of  those  cases  of  simple  inventions, 
that  were  often  very  useful  and  serviceable  to  be  brought  before  the 
members.  He  proposed  a  vote  of  thanks  to  Mr.  Boss,  which  was 
passed. 


The  meeting  then  terminated,  and  after  the  meeting,  Mi-.  Andrew 
Shanks,  of  London,  exhibited  a  specimen  of  his  improved  Pressure 
Gauge. 

In  the  evening  a  number  of  the  Members  and  their  friends, 
including  several  guests  invited  on  the  occasion,  dined  together  in 
celebration  of  the  Eighth  Anniversary  of  the  Institution. 
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SUBJECTS  FOR  PAPEES. 

Steam  Engine  Boilers,  particulars  of  construction — form  of  heating  surface — 
relative  value  of  radiant  surface  in  eflFect  and  economy — cost — consumption 
of  fuel — evaporation  of  water — pressure  of  steam — steam  gauges,  high 
pressure  and  low  pressure — explosion  of  boilers,  and  means  of  prevention 
— effects  of  heat  on  the  metal  of  boilers,  low  pressure  and  high  pressure — 
incrustation  of  boilers,  and  means  of  prevention — evaporative  power  and 
economy  of  different  kinds  of  fuel,  coal,  wood,  charcoal,  peat,  patent  coal,' 
and  coke — moveable  grates,  and  smoke-consuming  apparatus,  facts  to  show 
the  best  p]an,  and  results  of  working. 

Steam  Engines,  expansive  force  of  steam,  and  best  means  of  using  it — power 
obtained  by  various  plans — comparison  of  double  and  single  cylinder  engines 
— comparative  advantages  of  direct-acting  and  beam  engines — indicator 
figures  from  engines,  with  details  of  useful  effects,  consumption  of  fuel,  &c. — 
contributions  of  indicator  figures  for  reference  in  tlie  Institution. 

Pi'MPiNG  Engines,  particulars  of  various  constructions — size  of  cylinder  and  pumps 
— strokes  per  minute,  and  horse-power — number  and  size  of  pumps,  and 
strokes  per  minute — comparison  of  double-acting  and  single-acting  pumping 
engines — particular  details  of  different  valves— application  of  pumps — 
fen-draining  engines — comparative  advantages  of  scoop  wheels  and  centrifugal 
pumps,  lifting  trough,  &c. 

Blast  Engines,  best  kind  of  engine — size  of  cylinder,  strokes  per  minute,  and 
horse-power — details  of  boilers — size  of  blowing  cylinder,  and  strokes  per 
minute — pressure,  and  means  of  regulating  the  blast — improvements  in  blast 
cylinders— rotary  blowing  machines. 

Marine  Engines,  power  of  engines  in  proportion  to  tonnage— differentconstructions 
of  engines — dynamical  effect  compared  with  indicator  figures — comparative 
economy  and  durability  of  different  boilers,  tubular  boilers,  flat  flue  boilers, 
&c. — weight  of  machinery  and  boilers— kind  of  paddle  wheels— speed 
obtained  in  British  war  steamers,  in  British  merchant  steamers,  and  in 
Foreign  ditto,  with  particulars  of  the  construction  of  engines  with  paddle 
wheels,  &c. — screw  propellers,  particulars  of  diflerent  kinds,  improvements  in 
the  form,  number  of  arms,  material,  means  for  unshipping,  horse-power 
applied,  speed  obtained,  section  of  vessel— iron  and  wood  ships,  details  of 
construction,  lines,  tonnage,  cost,  &c. 

Rotary  Engines,  particulars  of  construction  and  practical  application— details  of 
the  results  of  working. 

Locomotive  Engines,  express,  passenger,  and  luggage  engines — particulars  of 
construction,  details  of  experiments,  and  results  of  working— speed  of  engines, 
cost,  power,  weight,  steadiness— consumption  of  fuel — heating  surface,  length 
and  diameter  of  tubes— experiments  on  size  of  tubes  and  blast  pipe — 
comparative  expense  of  working  and  repairing— best  make  of  pistons,  valve 
gear,  expansion  gear,  &c. 
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Caloric  Exgixes,  and  Engines  worked  by  Gas,  Gun-cotton,  or  other  explosive 

compounds — comparative  consumption  per  Lorse-power  per  hour. 
Electro-Magxetic  Exgixes,  particulars  and  results. 
Water-Wheels,  particulars  of  construction  and  dimensions — form  and  depth  of 

buckets — bead  of  water,  velocity,  percentage  of  power  obtained — turbines, 

construction  and  practical  application,  power  obtained,  comparative  effect 

and  economy. 
Wind  Mills,  particulars  of  construction — number  of  sails,  surface  and  form  of 

sails — velocity,  and  power  obtained— average  number  of  days'  work  per  annum. 
Corn  Mills,  particulars  of  improvements — power  employed — application  of  steam 

power — results  of  working  with  an  air  blast  and  small  stones — advantages  of 

regularity  of  motion. 
Sugar  JIills,  particulars  of  construction  and  working — results  of  the  application 

of  the  hydraulic  press  in  place  of  rolls. 
Saw  ]\Iills,  particulars  of  construction— mode  of  driving — power  employed — 

particulars  of  work  done — best  speeds  for  vertical  and  circular  saws — form  of 

saw  teeth — saw  mills  for  cutting  ship  timbers — veneer  saws. 
Oil  Mills,  facts  relating  to  the  construction  and  working,  by  stampers  and  by 

pressure. 
Cotton"  Mills,  information  respecting  the  construction  and  arrangement  of  the 

machinery — power  employed,  and  application  of  power — cotton  presses,  mode 

of  construction  and  working,  power  employed — improvements  in  spinning  and 

carding  machinery,  &c. 
Machine  rt  for  manufacturing  Flax,  both  in  the  natural  length  of  staple  and  when  cut. 
Rolling  Mills,  improvements  in  machinery  for  making  iron  and  steel — mode  of 

applying  power — steam  hammers — piling  of  iron — plates — fancy  sections. 
Stamping  and  Coining  Machinebt,  particulars  of  improvements,  &c. 
Papeb-Making  and  Papeb-Cctting  Machines,  ditto        ditto 

Printing  ]Machines,  ditto        ditto 

Calico-Pbinting  Machinery,  ditto        ditto 

Wateb  Pcsips,  facts  relating  to  the  best  construction,  means  of  working,  and 

application — best  forms — velocity  of  piston — conttruction  of  valves. 
AiB  Pumps,  ditto  ditto  ditto 

Hydbaulic  Pbesses,  facts  relating  to  the  best  construction,  means  of  working,  and 

application. 
Rotaby  and  Centbifcgal  Pumps,  ditto  ditto  ditto 

FiBE  Engines,  ditto  ditto  ditto 

Sluices  and  Sluice  Cocks,  ditto  ditto  ditto 

Cbames,  ditto  ditto  ditto 

Steam  Cranes,  Hydraulic  Cranes,  Pneumatic  Cranes,  ditto 

Lifts  fob  raising  Trucks,  &c.  ditto  ditto  ditto 

Lathes,    Planing,    Boring,    and    Slotting    Machines,    &c.,    particulars    of 

improvements — description  of  new  self-acting  tools. 
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Toothed  "Wheels,  best  construction  and  form  of  teeth— results  of  working- 
power  transmitted. 

Driving  Belts  and  Straps,  best  make  and  material,  leather,  rope,  wire,  gutta 
pereha,  &c. — comparative  durability,  and  results  of  working— power  com- 
municated by  certain  sizes. 

Dynamometers,  pressure-gauges,  governors,  construction  and  working. 

Strength  of  Materials— facts  relating  to  experiments  on  ditto,  and  general 
details  of  the  proof  of  girders,  &c.— girders  of  cast  and  wrought  iron, 
particulars  of  different  constructions,  and  experiments  on  them — best  forms  and 
proportions  of  girders  for  different  purposes — best  mixture  of  metal— mixtiures 
of  wrought  iron  with  cast. 

Durability  of  Timber  of  various  kinds — best  plans  for  seasoning  timber  and 
cordage— results  of  Kyan's,  Payne's,  Bethell's,  and  Burnett's  processes,  &c. — 
comparative  durability  of  timber  in  different  situations. 

Corrosion  of  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  &c. — facts 
relating  to  corrosion,  and  best  means  of  prevention — means  of  keeping  ships' 
bottoms  clean. 

Alloys  of  Metals— facts  relating  to  different  alloys. 

Friction  of  various  Bodies — facts  relating  to  friction  under  ordinary  circumstances 
— friction  of  iron,  brass,  copper,  tin,  wood,  &c. — proportion  of  weight 
to  rubbing  surface — best  forms  of  journals,  and  construction  of  axle-boxes, 
&c. — lubrication,  best  materials  and  means  of  application  and  results  of 
practical  trials — best  plans  for  oil  tests. 

Iron  Koofs,  particulars  of  construction  for  different  purposes — durability  in  various 
climates  and  situations — comparative  cost,  weight,  and  durability — roofs  for 
slips  of  cast  iron,  wrought -iron,  timber,  &c.,  best  construction,  form,  and 
material — details  of  large  roofs,  and  cost. 

Fire-proof  Buildings,  particulars  of  construction — most  efficient  plan — results 
of  trials. 

Chimney  Stacks  of  large  size,  particulars,  mode  of  bnUding,  cheapest  construction, 
&c. 

Bricks,  manufacture  and  durability — hollow  bricks,  fii-e-bricks,  and  fire-clay — 
perforated  bricks,  cost  of  manufacture,  and  advantages. 

Gas  Works — best  form,  si2e,  and  material  for  retorts — construction  of  retort  ovens 
— quantity  and  quality  of  gas  from  different  coals — oil  gas,  water  gas,  &c. — 
improvements  in  purifiers,  condensers,  and  gas-holders — wet  and  dry  gas- 
meters — pressure  of  gas,  gas-exhauster — gas-pipes,  strength  and  durability, 
and  construction  of  joints — proportionate  diameter  and  length  of  gas-mains, 
and  velocity  of  the  passage  of  gas — experiments  on  ditto,  and  on  the  friction 
of  gas  in  mains,  and  loss  of  pressure. 
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Water  Works— fact8  relating  to  water  works— application  of  power,  and  economy 
of  working— proportionate  diameter  and  length  of  pipes— experiments  on  the 
discharge  of  water  from  pipes,  and  friction  through  pipes — strength  and 
durability  of  pipes,  and  construction  of  joints — relative  advantages  of  stand- 
pipes  and  air-vessels. 

Well  Sixkikg,  and  Artesian  Wells,  facts  relating  to. 

Coffer  Dams  and  Piling,  facts  relating  to  the  construction. 

Piers,  fixed  and  floating,  and  Pontoons,  ditto        ditto 

Pile-Driving  Apparatus,  particulars  of  improvements — use  of  steam  power — 
Potts'  apparatus — the  compressed  air  system. 

Dredging  Machines,  particulars  of  improvements — application  of  dredging 
machines — power  required,  and  work  done. 

Diving  Bells  and  Diving  Dresses,  facts  relating  to  the  best  construction. 

Cast-iron  and  Wrought-ibon  LiGHTHorsES,         ditto  ditto 

Mining  Operations,  facts  relating  to  mining — means  of  ventilating  mines,  use  of 
steam  jet  and  ventilating  machinery — mode  of  raising  materials — mode  of 
breaking,  pulverising,  and  sifting  various  descriptions  of  ores. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting  generally — use  of 
gun-cotton,  &c. — effects  produced  by  large  and  small  charges  of  powder. 

Blast  Furnaces — consumption  of  fuel  in  different  kinds — burden,  make,  and 
quality  of  metal — pressure  of  blast — horse-power  required — economy  of 
working — improvements  in  manufacture  of  iron — comparative  results  of  hot 
and  cold  blast. 

Puddling  Furnaces,  best  forms  and  construction — worked  with  coal,  charcoal,  &c. 

Heating  Furnaces,  best  construction — consumption  of  fuel,  &c. 

Smiths'  Forges,  best  construction — size  and  material — power  of  blast — hot 
blast,  &c. 

Smiths'  Fans,  and  Fans  generally,  best  construction,  form  of  blades,  &c.,  with 
facts  relating  to  the  amount  of  power  employed  and  the  percentage  of  effect 
produced. 

Coke  and  Charcoal,  particulars  of  the  best  mode  of  making,  and  construction  of 
ovens,  &c. 

Railways — construction  of  permanent  way — section  of  rails,  and  mode  of 
manufacture — experiments  on  rails,  deflection,  deterioration,  and  comparative 
durability — material  and  form  of  sleepers,  size,  and  distances — improvements 
in  chairs,  keys,  and  joint  fastenings — permanent  way  for  hot  climates. 

Switches  and  Crossings,  particulars  of  improvements,  and  results  of  working — 
advantages  obtained  by  steeling  points  and  tongues. 

Turn-Tables,  particulars  of  various  constructions  and  improvements. 

Signals  for  Stations  and  Trains,  and  self-acting  signals. 
Breaks  for  Carriagee  and  Waggons,  best  construction. 
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Buffers  for  Carriages,  &c.,  and  Station  Buffers — different  construction  and 
materials. 

Springs  for  Carriages,  &c.,  buffing  and  bearing  springs — particulars  of  different 
constructions  and  materials,  and  results  of  working. 

Kailwat  Wheels,  wrouglit  iron,  cast  iron,  and  wood — particulars  of  different 
constructions,  and  results  of  working — comparative  expense  and  durability — 
wrought  iron  and  steel  tires,  comparative  economy  and  results  of  working — 
solid  wrought-iron  wheels. 

Railway  Axles,  best  description,  form,  material,  and  mode  of  manufacture — com- 
parison of  solid  and  hollow  axles. 


The  Council  invite  commimications  from  the  Members  and  their  friends  on 
the  preceding  subjects,  and  on  any  Engineering  subjects  that  will  be  useful  and 
interesting  to  the  Institution  ; — also  presentations  of  Engineering  drawings, 
models,  and  books  for  the  library  of  the  Institution, 

The  communications  should  be  written  on  foolscap  paper,  on  one  side  only  of 
each  page,  leaving  a  clear  margin  on  the  left  side  for  binding,  and  they  should  be 
written  in  the  third  person.  The  drawings  illustrating  the  communications  should 
be  on  so  large  a  scale  as  to  be  clearly  visible  to  the  meeting  at  the  time  of  reading 
the  communication,  or  enlarged  diagrams  should  be  sent  for  the  illustration  of 
any  particular  portions. 
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PROCEEDINGS. 


April  25,  1855. 


The  General  Meeting  of  the  Members  was  held  at  the  house 
•of  the  Institution,  I^Tewhall  Street,  Birmingham,  on  Wednesday, 
25th  April,  1855  ;  William  Fairbairn,  Esq.,  F.K.S.,  President,  in 
the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  Paper,  by  Mr.  Peter  Eothwell  Jackson,  of  ]\fan- 
chester,  was  then  read  : — 

DESCRIPTION     OF    A    NEW    MOULDING    MACHINE    FOR 
COG  AND  OTHER  WHEELS. 

The  difficulty  that  the  writer  experienced  in  the  course  of  his 
practice,  in  not  being  able  to  find  wheels  for  driving  machinery 
exactly  suited  in  form,  strength,  and  speed  to  tlie  purposes  required 
— (a  difficulty  that  has  been  extensively  felt,  notwithstanding  the 
very  large  and  costly  stock  of  wheel  patterns  existing  in  this 
country ;)  led  him  some  years  since  to  investigate  the  subject  with 
a  view  to  discover  if  some  mode  of  construction  could  be  adopted 
which  would  enable  the  founder  to  make  cog-wheels  from  a  simple 
segment  of  two,  three,  or  more  teeth  of  any  diameter,  pitch,  breadth, 
or  shape  of  tooth,  without  the  use  of  a  pattern  in  the  ordinary  way. 

The  result  is  the  machine,  a  description  of  which  is  the  subject 
of  the  present  paper. 
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The  process  hitherto  adopted  for  making  the  best  cog-wheels, 
whether  spur  or  bevil  wheels,  has  been  to  construct  an  entire  pattern 
of  wood,  an  exact  fac-aimile  of  the  wheel  to  be  cast,  having  each 
tooth  formed  and  shaped  upon  it  with  great  care.  In  all  cases  this 
involves  a  considerable  expense  and  time,  besides  requiring  very 
careful  stowage  till  the  pattern  is  next  needed;  but  in  the  case  of 
large  wheels  this  becomes  a  serious  consideration,  particularly  the 
time  required  for  preparing  the  pattern,  which  causes  a  great  addi- 
tion to  the  loss  and  inconvenience  occasioned  when  an  accident 
happens  to  one  of  the  wheels  in  a  factory,  thereby  stopping  a  large 
portion  of  the  machinery. 

It  will  be  seen  that  the  plan  now  submitted  enables  the  founder 
to  produce  wheels  in  the  shortest  possible  time,  and  with  a  degree 
of  accuracy  which  is  quite  unattainable  in  the  usual  way,  in  which 
patterns  are  often  made  in  a  hurry  of  imperfectly  seasoned  timber, 
and  are  rarely  true  even  for  a  short  time,  and  unless  made  from 
timber  that  has  had  years  to  season,  constructed  with  the  greatest 
care,  and  carefully  stored,  soon  become  valueless  altogether. 

The  proper  form  of  teeth,  which  in  every  case  should  depend 
upon  the  dimensions  of  both  the  wheels  which  are  to  w^ork  together, 
can  seldom  be  obtained  in  the  ordinary  way,  owing  to  the  great  ex- 
pense of  good  patterns.  This  often  leads  to  the  adoption  of  a  form 
of  tooth  whicli  is  but  an  approximation  to  that  degree  of  truth  which 
is  readily  attainable  by  the  plan  now  submitted. 

It  has  often  been  found  that  wheels  of  the  same  pitch,  and 
breadth,  but  from  difiFerent  makers,  will  on  this  account  not  work 
well  together;  this  difficulty  has  sometimes  been  got  over  by  a 
hand  process  of  chipping  and  filing,  (commonly  termed  pitching  and 
trimming,)  but  such  a  process,  besides  the  great  objection  in  regard 
to  expense,  involves  the  inaccuracy  inevitably  attaching  to  hand 
work,  and  has  also  the  objection  of  removing  the  hardest  and  best 
portion  of  the  metal. 

The  nearest  approach  to  accurate  construction  in  this  direction 
was,  the  writer  believes,  the  attempt  (formerly  made  by  Mr.  Brun- 
ton,  of  Soho,)  to  shape  the  teeth  by  a  slotting  machine,  the  tool  of 
which  was  guided  by  a  templet  of  the  desired  tooth. 
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To  obviate  the  difficulties  that  have  been  referred  to,  tlie  writer 
conceived  the  idea  of  placing  in  the  foundry  a  machine,  on  the 
principle  shown  in  the  drawing,  by  which,  as  will  be  seen,  he  is 
enabled  to  produce  with  great  accuracy  a  short  segment  of  pattern, 
and  also  to  mould  wdth  equal  accuracy  from  the  segment  thus  pro- 
duced the  entire  circumference  of  the  wheel  required. 

Fig.  \\  Plate  9,  is  a  vertical  elevation  of  the  machine,  showing  the 
moulding  box  and  apparatus  connected  with  it,  partly  in  section. 

Fig.  2,  Plate  10,  is  a  plan  of  the  machine. 

Plates  11  and  12  show  sections  and  details. 

The  machine  consists  of  a  vertical  spindle  A,  with  a  circular 
horizontal  table  or  face-plate  B  upon  it ;  this  spindle  Avorks  in  the 
conical  bearing  formed  in  the  centre  of  tlie  frame  C. 

The  foot  of  the  spindle  A  is  supported  by  four  diagonal  struts 
DD,  extending  downwards  from  the  frame  C,  Avhich  support  the 
weight  of  the  table  B,  and  anything  that  may  be  put  upon  it,  by 
means  of  a  foot-step  E,  by  which  the  table  can  be  raised  at  pleasure 
in  the  conical  bearing  in  the  upper  frame  C,  thereby  enabling  the 
workman  to  turn  the  table  round  Avitli  very  little  force  and  perfect 
steadiness,  though  bearing  great  weight  upon  it. 

FF  in  the  elevation  and  plan  is  a  horizontal  slide-bed,  attached 
firmly  to  one  side  of  the  frame  C ;  upon  this  slide  is  moved  the 
sliding  jib  G  carrying  at  its  extremity  the  vertical  slide  H,  a  side 
elevation  of  which  is  shown  in  Fig.  2. 

A  rack  II  is  attached  to  the  slide-bed,  into  which  works  a  pinion 
on  the  shaft  J  driven  by  bevil  wheels  and  the  cross  handle  Iv.  By 
means  of  this  apparatus  the  vertical  slide  H  can  be  placed  in  any 
position  that  may  be  required  over  the  table  B,  or  may  be  removed 
entirely  clear  from  it  on  either  side. 

The  set  screws  LL  are  for  the  purpose  of  fixing  the  sliding  jib 
firmly  upon  tlie  bed  and  holding  it  in  any  position  that  may  be 
required. 

The  vertical  slide  H  is  moved  by  a  rack  and  pinion,  worked  by  a 
handle  and  shaft  M,  and  is  rather  more  than  counterpoised  by  a  weight 
T  attached  to  a  chain  passing  over  a  pulley  at  tlie  top.  A  ratchet- 
wheel  with  pall,  yhown  in  Figs.  5  and  6,  Plate  12,  is  fixed  upon  the 
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handle  M  to  hold  the  slide  from  being  drawn  up  Ly  the  balance- 
weight,  or  forced  up  by  the  moulder,  and  the  balance- weight  is  made 
a  little  in  excess  so  as  to  insure  a  pressure  always  upwards  against 
the  pall  of  the  ratchet. 

On  the  lower  end  of  the  slide  H,  the  block  of  wood  out  of  which 
the  pattern  of  the  teeth  is  intended  to  be  produced,  is  fixed  by 
being  first  screwed  to  a  metal  plate,  which  is  bolted  to  the  slide 
H,  being  fitted  to  the  plate  with  vertical  and  horizontal  guides, 
and  having  corresponding  ribs  let  into  the  pattern-block  to  hold 
it  perfectly  steady  during  the  subsequent  operations  of  cutting 
and  moulding,  and  also  affording  the  means  of  fixing  the  pattern 
true  and  square  upon  the  plate  on  any  subsequent  occasions. 

The  worm-wheel  jS"  is  fixed  on  the  under  side  of  the  circular 
table  B,  and  is  moved  by  tlie  worm  and  shaft  O,  which  shaft  is 
turned  round  by  the  handle  and  change  wheels  P,  similar  to  an 
ordinary  dividing  or  wheel-cutting  machine. 

The  worm  and  Avorm-wheel  are  constructed  with  great  accuracy, 
and  are  protected  from  injury  and  exposure  to  any  dust  of  the 
foundry,  by  a  water-lute  V,  consisting  of  a  vertical  ring  cast  upon 
the  under  side  of  the  table .  and  revolving  in  a  small  circular  trough 
of  water  attached  to  the  plate  of  the  lower  frame. 

By  turning  the  handle  P  the  required  number  of  times,  having 
previously  adjusted  the  change-wheels  so  as  to  suit  the  number  of 
teeth  in  the  wheel  intended  to  be  moulded,  the  circular  table  B  is 
turned  round  an  interval  equal  to  the  pitch  of  the  wheel,  and  this 
movement  can  be  accurately  repeated  in  succession  through  any 
portion  of  the  circumference. 

A  block  of  wood  R  having  been  fixed  upon  the  slide  H,  the  slide 
being  adjusted  at  the  required  distance  from  the  centre  of  the 
table,  and  the  change-wheels  having  been  arranged  to  suit  the 
required  number  of  teeth,  a  cutter  (of  which  a  specimen  is  exhibited) 
is  fixed  in  a  horizontal  spindle,  which  revolves  in  a  stand  fixed 
upon  the  main  table  B,  at  the  correct  distance  from  the  centre  of 
the  table  corresponding  to  the  radius  of  the  intended  wheel  This 
cutter   is   made   to   revolve   rapidly,   and    the    pattern-block    is    then 
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moved  down  gradually  by  the  vertical  slide  H,  until  a  parallel  cut  is 
obtained  through  the  entire  block,  forming  one  space  in  the  pattern. 
The  block  is  then  raised,  and  by  turning  the  table  round  the 
distance  of  the  pitch,  and  repeating  the  cut  by  passing  the  slide 
down  again  before  the  cutter,  another  space  is  formed;  which 
operation  is  repeated  until  all  the  required  spaces  are  cut  in  the 
segment  pattern.  A  specimen  of  the  segment  is  exhibited  corres- 
ponding to  the  cutter  and  block  previously  shown. 

The  pattern  is  made  to  terminate  at  somewhat  less  than  half  a 
tooth  on  each  side,  and  a  thin  metal  shield  is  fixed  on  each  end  in 
the  direction  of  a  radius  of  the  circle,  projecting  about  an  inch 
beyond  the  crown  or  point  of  the  tooth,  for  the  purpose  of  prevent- 
ing the  moulder  in  the  subsequent  process  of  moulding  from 
disturbing  the  teeth  that  he  has  previously  formed  in  the  sand.  The 
formation  of  the  short  segment  pattern  R  being  completed,  the  cutter 
and  stand  are  removed,  and  the  moulding  box  S  placed  on  the  table. 

In  the  conical  hole  in  the  centre  of  the  table  is  fitted  a  bush,  in 
which  an  upright  spindle  works,  the  purpose  being  for  measuring 
from  it  the  diameter  of  the  wheel,  and  for  strickling  or  levelling  the 
sand  in  the  moulding  box  S  to  form  the  bottom  of  the  mould  of  the 
intended  wheel,  previous  to  commencing  the  moulding  of  the  teeth. 

The  moulding  of  the  teeth  is  performed  in  the  following  man- 
ner:— The  segment  pattern  R  is  brought  down  by  the  slide  H  until 
it  rests  upon  the  levelled  sand  forming  the  bottom  of  the  mould,  the 
top  of  the  segment  being  level  with  the  edge  of  the  box,  and  it  is 
there  held  by  the  ratchet  and  pall,  and  weight. 

The  moulder  then  rams  up  in  the  ordinary  way  that  portion  of 
the  box  opposite  the  segment  pattern,  and  after  venting  the  teeth, 
removing  the  pall,  he  draws  the  pattern  by  means  of  the  rack  and 
pinion  of  the  slide  H ;  he  then  turns  the  table  round  by  the  handle 
P,  through  the  interval  equal  to  the  number  of  teeth  contained  in 
the  segment  pattern.  The  pattern  is  then  again  lowered,  and  the 
ramming  up  of  the  mould  repeated  in  the  fresh  position  of  the  box, 
and  the  same  process  continued  until  the  entire  circumference  of 
the  wheel  is  moulded. 

In  sliding  down  the  pattern  into  each   fresh    position,  it  is  pre- 
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vented  from  disturbing  any  portion  previously  moulded,  by  its  not 
actually  touching  the  sand,  and  the  shield  plates  on  each  end  of 
the  pattern  prevent  any  risk  of  injury  in  the  process  of  ramming. 
These  plates  leave  a  narrow  channel  in  the  sand,  causing  a  small 
fin  on  the  centre  of  the  crown  of  the  tooth  at  that  position,  which  is 
broken  and  chipped  off  by  the  dresser  after  casting. 

The  moulding  of  the  cogs  (the  essential  part  of  the  mould)  being 
thus  completed,  the  box  can  be  removed  from  the  machine,  and 
the  moulder  can  proceed  with  another  wheel,  whilst  other  hands 
place  the  cores  in  the  mould  already  formed.  The  spaces  between 
these  cores  form  the  arms  of  the  wheel,  and  the  centre  of  the  wheel 
is  cored  out  in  the  ordinary  way ;  the  rim  of  the  wheel  is  formed 
by  the  spaces  left  between  the  outer  extremities  of  the  cores,  and 
the  sand  forming  the  teeth,  and  the  boss  or  nave  is  formed  by  the 
space  between  the  centre  core  and  the  inner  ends  of  the  cores. 

The  top  box,  having  the  lower  edge  turned,  is  rammed  up  on  a 
true  surface  plate,  forming  simply  a  fiat  top  to  the  mould,  and  when 
placed  upon  the  bottom  box,  the  upper  edge  of  which  is  also  turned, 
and  is  on  a  level  with  the  upper  surface  of  the  intended  wheel, 
the  sand  being  strickled  off  to  the  edge,  forms  a  perfect  joint;  and 
with  the  cores  before  named  completes  the  mould  for  the  wheel. 

Bevilled  wheels  are  made  by  the  same  system  on  the  machine, 
from  a  short  bevil  segment  pattern,  to  produce  which  a  peculiar 
cutter  stand  is  used,  admitting  of  adjustment  to  any  desired  bevil, 
by  which,  and  the  machine,  the  operator  is  enabled  to  impart 
a  correct  spacing,  and  very  nearly  complete  the  entire  segment. 
The  pattern  for  a  bevilled  wheel  is  lifted  vertically  out  of  the  sand 
in  the  same  direction  as  a  spur  wheel,  and  does  not  slide  in  the 
direction  of  the  inclined  teeth,  on  account  of  the  tapered  form  of  the 
teeth. 

Racks  can  also  be  made  by  this  machine  from  a  few  cogs,  by 
attaching  a  dividing  screw  and  change-wheels  to  move  the  sliding 
jib  and  vertical  slide  H,  and  fixing  the  pattern  blocks  at  right  angles 
to  the  face  of  tlie  slide  by  an  angle  bracket,  so  as  to  mould  the  rack 
in  a  line  parallel  with  the  slide-bed. 
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For  moulding  very  large  wheels  extending  beyond  the  range 
of  the  apparatus,  the  sliding  jib  and  carriage  are  removed  altogether, 
and  a  horizontal  arm  fixed  on  the  revolving  table,  carrying  at  its 
outer  extremity  the  vertical  slide  H,  and  the  segment  pattern,  Avhich 
are  then  moved  round  by  the  dividing  gear,  instead  of  moving  the 
moulding-box,  the  operation  of  moulding  taking  place  in  a  circle 
round  the  machine.  The  cutter-stand  for  cutting  the  pattern  in 
this  case  is  fixed  upon  the  ground  at  the  proper  distance  from  the 
centre  of  the  machine,  and  the  pattern  is  made  to  move  past  the 
cutter,  instead  of  the  cutter  moving  from  space  to  space  of  the 
pattern  as  before. 

The  following  advantages  are  experienced  in  moulding  by  this 
machine : — Each  wheel  being  made  from  a  pattern  of  its  own, 
specially  adapted  to  work  into  its  fellow,  and  not  with  reference  to 
any  other  wheel,  the  general  principle  that  any  tioo  wheels  should 
Jiave  the  particular  form  of  teeth  that  tvill  work  best  together  can  be 
strictly  carried  out  without  difficulty,  and  at  a  trifling  cost. 

The  accuracy  which  has  hitherto  been  with  difficulty  obtained, 
even  in  the  best  patterns,  is  by  this  machine  strictly  imparted  to 
the  sand  itself.  The  teeth,  however  long  or  broad,  can  by  means  of 
the  slide  H,  be  drawn  out  of  the  mould  without  any  taper  allowance 
whatever,  and  the  Avorkman's  attention  being  directed  to  a  few  teeth 
only  at  a  time,  he  is  more  likely  to  give  them  special  care. 
The  time  not  unfrequently  spent  in  what  is  called  mending  the 
mould,  but  which  in  fact,  from  the  difficulty  of  guiding  the  hand, 
is  too  often  found  to  impair  the  correctness  of  the  work,  is  thus 
saved. 

The  result  is  the  production  of  spur  and  bevil  gear  of  so  mucli 
greater  accuracy  than  has  been  produced  by  other  means,  that  they 
can  be  run  at  a  higher  speed  than  has  been  hitherto  considered 
advisible  in  heavy  gearing. 

There  is  also  less  need  for  mortice-wheels,  as  the  noise  of  gear- 
ing proceeds  principally  from  too  much  clearance,  and  the  want  of 
truth  in  the  teeth. 

This    plan    of    moulding    allows    of  H  spokes,  with   flanches  round 
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tlie  inner  edge  of  the  rim,  being  adopted,  as  readily  as  the  ordinary  -}- 
or  T  section  of  spoke ;  the  H  spoke  makes  a  stronger  wheel,  but 
is  not  easily  obtained  by  the  old  system. 

Spur  wheels,  with  shields  or  flanges  to  the  crown  or  pitch  line, 
are  made  with  greater  facility  than  by  the  ordinary  process  of 
moulding,  as  the  lower  shields  are  more  easily  withdrawn,  owing  to 
the  absence  of  sand  in  the  centre  of  the  mould. 

The  large,  and  in  some  cases  valuable  fire-proof  buildings, 
erected  for  the  stowage  of  wheel  patterns,  will  by  the  adoption  of 
this  process  be  saved,  as  one  machine  gives  a  greater  range  of 
pattern  than  tlie  largest  stock  contains. 

This  method  is  useful  in  enabling  the  founder  to  match  exactly 
any  old  wheel,  whether  the  same  have  parallel  or  taper  teeth,  by 
forming  a  short  segment  pattern  to  work  with  it  with  the  greatest 
correctness  practicable,  and  without  having  to  adapt  or  modify  any 
previous  pattern. 

It  may  also  be  observed  that  the  breakage  of  a  wheel  generally 
implies  a  deficiency  in  strength  for  the  work  it  has  to  do,  but  with 
the  old  pattern  the  strength  cannot  well  be  increased. 

In  order  to  show  in  how  short  a  time  a  wheel  can  be  produced 
by  this  process,  an  instance  may  be  mentioned  of  a  spur-wheel,  for 
which  the  following  order  was  sent  to  the  author,  by  telegraph,  from 
Bristol,  on  1st  December  last ; — 

"  One  spur-wheel,  twenty-eight  cogs,  two  feet  three  diameter  at 
pitch  line,  cogs  two  and  a  quarter  long,  eight  inch  broad,  six  and 
five-eighths  round  eye,  cast,  four  arms.  Send  by  rail  immediately. 
Write." 

Tliis  order  was  received  at  the  writer's  works  at  3^  o'clock  in  the 
afternoon ;  the  tin  templet,  steel  cutter,  and  segment  to  the  right  size, 
pitch,  and  number  of  cogs,  were  produced ;  the  wheel  was  moulded 
and  cast,  weighing  6i  cwt.  ;  and  after  remaining  five  hours  in  the 
sand  was  taken  out  and  dressed,  carted  nearly  two  miles,  and 
forwarded  by  the  Bristol  train,  which  left  ISIanchester  at  half-past 
9  o'clock  the  following  morning,  being  a  total  time  of  18^^  hours; 
13  hours  being  the  actual  time  of  making  the  wheel. 
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jNIr.  Jackson  exhibited  a  series  of  specimens  of  patterns  for  spur 
and  bevil  wheels  made  by  the  machine,  from  3/8  inch  to  4i  inch 
pitch,  and  extending  to  16  inches  in  breadth,  with  the  steel  cutter 
used  for  forming  the  teeth  of  one  of  the  patterns,  and  the  tin  templet 
from  which  the  cutter  was  shaped ;  also  a  cast  wheel  2  ft.  3  in. 
diameter  that  had  been  moulded  on  the  machine. 

He  explained  that  after  having  moulded  the  teeth  of  a  wheel, 
the  further  completion  of  the  mould  by  inserting  the  cores  for  the 
centre  and  arms  could  either  be  done  on  the  machine  or  after  the 
box  was  removed,  as  might  be  most  convenient;  sometimes  the 
wheel  had  been  cast  whilst  the  box  remained  on  the  machine,  but 
generally  the  box  was  removed  as  soon  as  the  teeth  w^ere  moulded, 
"to  allow  another  wheel  to  be  proceeded  with,  and  four  or  five  wheels 
were  sometimes  on  the  floor  at  once,  ready  for  casting  at  night, 
all  moulded  by  the  one  machine  during  the  day.  The  core-box  for 
the  arms  was  simple  in  construction,  being  made  with  two  sides 
only,  fixed  at  the  required  angle,  determined  by  the  number  of  arms, 
and  having  an  adjustable  end  and  bottom,  to  suit  the  different 
diameters  and  breadths  of  wheels. 

The  Chairman  said  he  had  seen  the  machine  at  Mr.  Jackson's 
works,  and  was  much  struck  with  the  great  accuracy  with  which  the 
moulding  of  the  teeth  was  accomplished,  the  motion  of  the  slide 
being  quite  parallel  and  steady,  so  that  the  pattern  was  drawn  out 
without  risk  of  disturbing  the  sand.  Before  seeing  the  machine  he 
feared  some  practical  difficulty  in  insuring  accuracy  of  the  pitch  at 
the  several  joinings  of  the  pattern,  but  this  was  completely  provided 
for,  by  the  whole  movement  of  the  table,  both  in  moulding  and 
in  cutting  the  pattern,  being  given  by  the  same  dividing  wheel, 
which  could  be  constructed  with  any  required  degree  of  accuracy. 
The  machine  appeared  an  excellent  mechanical  arrangement  for 
obtaining  a  degree  of  accuracy  in  the  sand,  superior  to  the  ordinary 
process  of  moulding;  and  he  thought  the  work  must  be  truer  than 
in  any  wheels  cast  from  a  pattern  built  up  of  pieces. 

He  inquired  what  was  the  velocity  of  the  cutter  employed  in 
forming  the  segment  pattern,  and  whether  the  cutter  finished  the 
pattern  sufficiently  smooth  for  use. 


50  -WUEEL    MOULDING    MACHINE. 

Mr.  Jackson  replied  that  the  cutter  was  driven  at  about  1000 
revolutions  per  minute,  and  the  teeth  of  the  pattern  were  completed 
at  once  by  the  cutter,  and  not  touched  by  hand,  except  what  was 
requisite  for  varnishing  the  pattern,  which  was  done  to  protect  it 
from  injury  by  moisture.  The  cutter  was  driven  by  a  cord,  stretched 
tight  by  a  sliding  pulley  and  weight,  to  allow  for  the  different 
j)Ositions  upon  tlie  table  required  for  cutting  patterns  of  different 
diameters. 

The  Chairman  inquired  how  the  cutting  of  bevil  wheel  patterns 
was  managed  on  the  machine. 

Mr,  Jackson  explained  that  a  cutter  shaped  for  the  small  end  of 
the  teeth  was  used  in  the  same  manner  as  in  cutting  the  patterns 
for  spur  wheels,  except  that  the  pattern-block  was  held  stationary 
and  the  sliding  motion  given  to  the  cutter,  in  a  direction  corres- 
ponding to  the  inclination  of  the  cone  of  the  intended  wheel,  by  an 
adjustable  slide.  The  same  slide  could  also  be  adjusted  to  carry 
a  second  cutter,  revolving  at  right  angles  to  the  main  cutter,  which 
would  finish  the  ends  of  the  .teeth,  by  cutting  them  off  at  proper 
angles  to  the  face,  and  at  the  required  length,  the  cutter-frame  being 
made  to  travel  round  with  the  circular  table.  The  teeth  of  the 
pattern  were  thus  pitched  out  accurately  by  the  machine  and  finished 
at  the  small  ends ;  and  the  spaces  removed  by  the  cutter  were  then 
widened  and  deepened  to  a  uniform  taper  towards  the  other  or 
large  ends  of  the  teeth,  these  large  ends  being  first  accurately 
marked  out  by  placing  instead  of  the  first  steel  cutter  a  tin  templet 
accurately  fitting  into  its  place  and  shaped  to  the  correct  form  foi 
the  large  ends  of  the  teeth ;  this  templet  was  then  brought  down 
upon  each  space  of  the  segment  pattern  in  succession,  by  means 
of  the  dividing  wheel,  and  the  exact  pitch  and  outline  of  each  tootb 
carefully  scribed  from  the  templet 

Mr.  HoDGKiN  asked  whether  the  teetli  of  the  pattern  were 
dressed  by  hand  to  the  required  taper. 

!Mr.  Jackson  said  that  some  part  of  the  work  of  shaping  tlw 
teeth  in  bevil  patterns  only  was  done  by  hand,  but  the  accuracj 
of  the  pattern  was  not  affected,  as  the  man  had  only  to  dress  then 
off  to  a  straight  edge  between  twu  given  points,  since  the  teeth  were 
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accurately  pitched  and  cut  complete  at  the  smaller  end  by  tlie 
machine,  and  the  position  of  the  templet  employed  for  markin<T 
out  the  larger  end  of  each  tooth  must  in  each  case  truly  coincide 
with  the  previous  position  of  the  cutter  in  forming  the  small  end  of 
the  tooth,  on  account  of  the  same  movement  of  the  dividing  wheel 
of  the  machine  being  employed  for  the  purpose  in  both  cases. 

The  Chairman  suggested  the  adoption  of  some  different  arrange- 
ment of  cutter,  to  enable  the  tapered  teeth  to  be  entirely  shaped  by 
the  machine,  as  it  was  advisable  to  avoid,  if  possible,  any  dependance 
upon  hand  work  in  forming  the  pattern. 

Mr.  Ramsbottom  observed  that  the  curve  of  the  tooth  in  a  bevil 
wheel  being  different  at  every  portion  of  its  length,  on  account  of 
"the  whole  tooth  being  tapered  both  in  breadth  and  depth,  caused 
the  difficulty  in  cutting  it  by  machinery,  as  no  cutter  could  be 
passed  through  in  the  ordinary  way,  except  the  one  fitting  the  small 
end  of  the  tooth. 

Mr.  Jackson  said  that  an  ingenious  arrangement  had  been  made 
by  Mr.  Bodmer,  to  shape  the  teeth  in  bevil  wheels  by  means 
of  a  long  conical  cutter  revolving  on  an  axis  parallel  to  the  teeth, 
instead  of  at  right  angles  to  them,  and  pointing  always  truly  to 
the  apex  of  the  cone  of  the  wheel,  the  outer  end  being  guided 
to  the  required  shape  of  tooth  by  an  enlarged  templet.  Such  a 
cutter  might  give  a  pretty  correct  form  to  the  teeth  throughout  their 
length,  if  the  true  taper  of  the  sides  of  the  cutter  to  the  centre  of 
the  cone  could  be  always  maintained;  but  in  his  opinion  tliere  were 
great  practical  difficulties  in  its  application. 

Mr.  Fernie  inquired  the  expense  of  moulding  by  the  machine, 
as  compared  with  the  ordinary  mode  of  moulding  cog  wheels,  when 
there  was  a  pattern  already  made. 

Mr.  Jackson  replied  there  would  be  a  little  difference ;  his  bevil 
wheels  moulded  by  the  machine  were  about  the  ordinary  price,  and 
spur  wheels  rather  under;  spur  wheels  were  supplied  by  him  then 
at  about  13s.,  and  bevil  wheels  at  about  17s.  per  cwt.  In  using  the 
machine  it  was  unimportant  whether  the  pattern  had  to  be  made  or 
not,  as  the  cost  of  a  segment  pattern  was  very  small :  the  smaller 
sizes  were  produced  for  about  3s.  6d.  each,  including  the  cutter. 
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Mr.  Fernie  inquired  what  plan  was  followed  in  determining  the 
form  of  curve  for  the  teeth.  He  thought  the  machine  appeared  one 
of  so  much  importance,  and  gave  such  facility  for  the  correct  forma- 
tion of  the  pattern,  that  the  advantage  of  the  best  theoretical  form 
of  tooth  might  be  obtained  in  all  the  wheels,  without  regard  to 
existing  patterns. 

Mr.  Jackson  said  he  made  any  form  of  tooth  that  might  be 
desired,  and  often  had  to  form  a  special  shape  in  the  case  of  making 
a  wheel  to  replace  an  old  one,  the  teetli  of  the  new  wheel  being 
modified  so  as  to  accommodate  it  in  the  best  manner  that  was  prac- 
ticable to  the  actual  form  of  teeth  of  the  fellow  wheel  with  which  it 
had  to  gear. 

The  Chairman  suggested  that  the  form  of  teeth  recommended 
by  Professor  "Willis,  and  so  completely  worked  out  by  him,  might  be 
advantageously  adopted,  and  the  machine  certainly  gave  an  impor- 
tant superiority  in  enabling  wheels  to  be  cast  with  the  form  of  teeth 
best  adapted  to  the  particular  purpose  for  which  each  wheel  was 
required,  without  being  confined  by  the  limits  of  ordinary  patterns. 

Mr.  Jackson  said  the  plan  he  adopted  for  the  form  of  the  teeth, 
when  left  to  himself,  was  one  suggested  to  him  by  Mr.  Bodmer, 
which  was  to  employ  true  epicycloid  teeth,  by  cutting  wood 
templets  to  the  curves  of  the  particular  circles  in  each  case,  and 
rolling  them  upon  one  another,  tracing  the  true  curve  by  a  steel 
point  attached  to  the  one  circle  upon  a  tin  templet  fixed  upon 
the  other;  the  true  curve  for  a  single  tooth  was  thus  obtained  with- 
out hand-work,  or  the  usual  approximation  by  arcs  of  circles,  and 
the  steel  cutter  was  then  accurately  fitted  to  the  outline  traced  on 
the  tin  templet,  this  being  in  fact  the  only  hand-work  in  the  whole 
process ;  the  subsequent  action  of  the  machine  insured  a  perfect 
copy  of  the  form  of  the  cutter  in  every  tooth. 

Mr.  Hawkes  thought  the  machine  was  very  ingeniously  con- 
trived, and  would  certainly  produce  very  accurate  work  :  he  wished 
to  know  whether  the  time  required  for  moulding  the  wheels  was 
any  longer  than  by  the  ordinary  process. 

Mr.  Jackson  replied  that  the  time  of  moulding  was  about  the 
same  in  tho  case  of  small  wheels  ;  the  teeth  of  a  3  feet  wheel,  cither 
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spur  or  bevil,  would  be  moulded  in  about  three  hours  by  the  ma- 
chine. In  the  case  of  large  wheels,  the  moulding  might  be  done 
quicker  with  an  entire  pattern  than  by  the  machine,  by  several  sets  of 
men  being  employed  at  once  round  the  wheel ;  but  in  the  use  of  the 
machine,  an  important  saving  of  time  was  found  in  practice  from 
the  circumstance  that  the  necessity  for  mending  the  mould  was 
avoided,  which  often  caused  considerable  delay  in  the  ordinary 
moulding,  and  however  skilfully  performed,  the  repaired  part  could 
never  be  so  satisfactory  as  the  rest  of  the  mould. 

Mr.  Hawkes  asked  whether  in  the  case  of  a  large  number  of 
wheels,  say  100,  being  ordered  from  the  same  pattern,  it  would  be 
considered  preferable  to  make  an  entire  pattern,  or  still  to  mould 
them  with  a  small  segment ;  and  suggested  for  such  cases  the  appli- 
cability of  a  modification  of  the  machine,  adapted  to  draw  the  whole 
pattern  at  once,  in  a  similar  manner  to  the  plan  adopted  with  the 
segment  pattern. 

Mr.  Jackson  said  such  a  case  had  not  occun-ed  at  present,  as  the 
machine  had  been  mostly  employed  for  making  single  wheels ;  but 
in  such  a  case,  a  larger  segment  of  the  pattern  might  probably  be 
employed,  or  even  an  entire  pattern,  if  the  wheel  were  of  moderate 
size.  A  machine  might  doubtless  be  made  to  lift  any  sized  pattern, 
but  there  would  be  great  difficulties  in  carrying  it  out  practically, 
and  with  the  present  machine  the  process  of  moulding  the  teeth 
was  so  simple  and  certain  that  it  was  effected  with  great  rapidity ; 
the  moulding  could  be  done  with  a  segment  of  a  single  tooth  with 
equal  accuracy,  but  time  would  be  lost,  and  the  general  practice  was 
to  have  from  three  to  seven  teeth  in  the  pattern. 

The  Chairman  inquired  what  time  the  machine  had  been  in 
operation  since  first  starting,  and  how  much  work  it  had  done. 

Mr.  Jackson  said  it  had  been  in  work  for  eight  or  nine  months, 
and  about  170  spur  and  bevil  wheels  had  been  moulded  upon  it; 
the  machine  was  now  in  constant  work,  and  two  improved  machines, 
similar  to  the  drawings  exhibited,  were  also  being  made,  to  work  in 
his  foundry. 

Mr.  Hawkes  inquired  whether  any  of  the  wheels  moulded  by  the 
machine  had  been  put  to  work  in  the  neighbourhood  of  Birmingham. 
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^rr.  Jackson  was  not  aware  whether  any  hail  been  used  in  that 
district ;  most  of  the  Avheels  had  been  made  for  millwrights  and 
others,  who  were  not  able  to  get  wheels  to  replace  broken  ones  ;  from 
not  being  able  to  find  suitable  patterns,  they  had  then  sent  for 
wheels  moulded  by  the  machine,  to  prevent  the  serious  delay  in- 
volved in  making  a  new  pattern ;  the  saving  of  time  was  found  very 
important  in  the  case  of  the  breakage  of  large  wheels  in  mills,  as 
they  were  enabled  to  replace  the  wheel  and  start  the  mill  again  in 
two  or  three  days,  instead  of  sometimes  having  a  delay  of  nearly  as 
many  weeks. 

Mr.  Hawkes  remarked  that  a  difference  in  ramming  the  teeth 
was  sometimes  experienced ;  some  being  rammed  softer  than  others, 
causing  a  little  irregularity  in  the  casting  by  the  yielding  of  the 
softer  teeth ;  and  inquired  whether  any  difficulty  of  this  kind  was 
experienced  in  the  moulding  by  the  machine. 

Mr.  Jackson  said  he  had  found  some  cases  of  the  kind,  though 
very  rarely ;  and  they  were  safer  from  that  risk  with  the  machine 
than  in  the  ordinary  process  of  moulding,  on  account  of  the  uni- 
formity and  regularity  with  which  all  the  teeth  were  successively 
rammed ;  the  moulder  having  to  ram  and  complete  only  a  few  teeth 
at  a  time,  they  received  more  attentioa 

The  Chairman  inquired  what  increase  of  speed  was  anticipated  by 
Mr.  Jackson,  as  practicable  in  heavy  gearing,  in  consequence  of  the 
superior  accuracy  in  the  teeth  of  the  wheels  moulded  by  the  machine. 

Mr.  Jackson  thought  it  was  very  difficult  to  assign  a  limit  to  the 
.speed,  if  the  teeth  of  the  wheels  were  really  accurate  ;  he  thought  a 
velocity  of  5000  feet  per  minute  might  be  attained  in  the  circum- 
ference of  heavy  wheels,  with  the  improved  teeth  obtained  by  the 
machine.  He  had  found  very  considerable  increase  of  speed  prac- 
ticable in  many  cases  where  new  wheels  moulded  by  the  machine 
were  substituted  for  old  ones  that  had  broken ;  in  a  rolling  mill 
lie  was  acquainted  with,  some  of  the  old  wheels  had  about  ^ths 
inch  clearance,  and  badly-shaped  teeth,  and  when  he  had  put 
some  new  wheels  moulded  by  the  machine  into  their  place,  a 
great  difference  in  the  smoothness  of  the  motion  was  experienced. 
He    was     confident     the    great     imperfection     in    the    teeth     caused 
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in  some  cases  an  irregularity  to  be  communicated  to  tlie  motion, 
and  a  serious  loss  of  power  in  heavy  machinery;  and  a  much 
higher  speed  might  be  safely  attained  by  proper  construction 
of  the  teeth  than  was  generally  considered  practicable.  He  had 
been  much  struck  by  seeing  in  a  spinning  mill,  at  Alsace,  in  France, 
the  whole  of  the  self-acting-mule  spindles,  which  were  running  at 
4000  revolutions  per  minute,  driven  by  cog  wheels  in  place  of  bands ; 
there  was  of  course  a  shrill  sound  in  the  rooms  from  so  many  thou- 
sand wheels,  but  there  was  no  excessive  noise  such  as  to  prevent 
the  voice  being  heard.  He  was  convinced  by  the  examination  of 
that  machinery,  that  accuracy  of  construction  in  the  teeth  was  alone 
wanted  to  render  practicable  with  cog  wheels  any  speed  likely  to  be 
required  in  machinery.  These  ■wheels  were  of  iron,  cast  from  metal 
patterns  very  carefully  made. 

Mr.  Hawkes  asked  whether  it  was  found  requisite  to  rap  the 
pattern  whilst  drawing  it  up  from  the  mould,  to  prevent  the  sand 
adhering  to  it.  He  suggested  the  use  of  a  metal  plate  laid  on  the 
top  of  the  sand  to  keep  it  down,  the  plate  fitting  in  only  roughly 
between  the  teeth. 

Mr.  Jackson  said  that  the  pattern  was  rapped  gently  during 
the  time  of  drawing  it  up,  by  striking  Avith  a  light  hammer  on  a 
block  of  wood  held  upon  the  top  of  the  pattern  ;  this  was  found 
quite  sufficient  for  the  purpose,  and  it  was  a  very  rare  occurrence 
that  any  injury  of  the  mould  was  caused  by  the  sand  adhering  to  the 
pattern,  and  he  did  not  think  that  any  other  provision  was  required 
for  the  purpose.  He  had  anticipated  that  some  difficulty  might 
occur  in  this  respect,  but  was  surprised  to  find  the  clearness  with 
which  the  pattern  drew  from  the  sand ;  the  pattern  being  made 
very  true  and  smooth  by  the  cutter  from  the  rapidity  of  its  revolu- 
tion, and  then  polished  with  varnish,  it  parted  readily  from  the 
sand.  The  patterns  were  all  made  of  bay-wood  very  well  seasoned, 
and  being  only  small  were  not  exposed  to  injury  like  ordinary 
patterns;  the  same  pattern  he  expected  would  serve  for  moulding 
many  wheels  before  even  requiring  re-varnishing. 

Mr.  Ramsbottom  said  he  had  seen  the  machine  in  operation, 
and    there    appeared    to    be    no    difficulty    in    drawing    the    pattern 
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without  injury  of  the  mould,  on  account  of  the  teeth  being 
perfectly  parallel  and  vertical  This  correctness  arose  from  the  cir- 
cumstance, that  the  pattern  was  cut  in  the  same  position  in  which 
it  was  moulded,  and  by  means  of  the  same  sliding  movement  that 
was  afterwards  made  use  of  to  draw  it  out  of  the  sand;  and  conse- 
quently the  motion  must  be  absolutely  parallel  to  the  face  of  the 
pattern;  any  inclined  position  of  the  slide  would  cause  the  pattern 
to  be  cut  and  also  drawn  from  the  sand  at  exactly  the  same  inclina- 
tion. The  action  of  the  machine  was  certainly  very  perfect  and 
satisfactory,  and  it  appeared  to  be  very  successful  in  its  operation. 

Mr.  Hawkes  inquired  what  sand  was  used  for  moulding  the  cog 
wheels,  and  whether  it  was  found  necessary  to  employ  any  superior 
quality  to  insure  the  teeth  being  cleanly  moulded. 

Mr.  Jackson  replied,  that  road  sand  was  principally  used  for 
heavy  castings ;  the  ordinary  red  sand  of  the  district  would  not 
stand  the  heat  sufficiently  by  itself,  except  for  light  castings.  Road 
sand  was  very  generally  used  in  the  neighbourhood  of  Manchester 
for  foundry  work,  mixed  with  the  other  sand  in  different  proportions 
according  to  the  description  of  the  castings,  and  was  found  to  be 
well  suited  for  the  purpose. 

The  Chairman  observed  that  the  road-sand  or  road-sweepings 
in  the  neighbourhood  of  Manchester  was  obtained  in  great  quantities, 
and  was  very  uniform  and  clean  in  quality.  The  very  best  of  this 
sand  for  foundry  purposes  was  obtained  in  a  particular  district, 
extending  between  Roclidale  and  Halifax,  where  the  sandstone  grit 
was  pulverized  very  fine  by  the  constant  action  of  the  cart-wheel 
traffic  ;  this  sand  was  used  very  extensively  for  lining  the  cupolas,  as 
it  resisted  an  intense  heat  without  fluxing. 

Mr.  Ramsbottom  remarked  that  the  very  open  nature  of  the 
grit-sand  probably  accounted  for  the  advantage  experienced  in  using 
it  for  moulding,  as  it  would  afford  greater  facility  for  the  escape  of 
air  in  heavy  castings  than  the  ordinary  moulding  sand  alone. 

The  Chairman  said  the  machine  appeared  to  be  a  very  ingenious 
and  successful  improvement  in  the  process  of  moulding  cog-wheels, 
and  of  great  practical  importance ;  he  proposed  a  vote  of  thanks 
to  Mr.  Jackson  for  his  communication,  which  was  passed. 
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The  following  Paper,  by  Mr.  John  Fernie,  of  Derby,  was  then 
read : — 


ON  AN  IMPROVED  TUYERE  FOR  SMITHS'  HEARTHS. 

The  subject  of  an  improved  construction  of  Water  Tuyere, 
invented  by  Mr.  John  Lee,  was  brought  before  the  last  ISIeeting  of 
the  Institution,  and  the  writer  of  the  present  paper,  as  the  successor 
to  Mr.  Lee,  at  the  Britannia  Foundry,  Derby,  where  the  first  trials 
were  made,  has  the  pleasure  of  adding  some  further  particulars  of 
the  invention,  which  appears  to  have  been  original  on  the  part  of 
;Mr.  Lee,  though  also  independently  invented  by  some  other  parties. 

His  first  design  was  a  hollow  cast-iron  tuyere,  shown  in  Fig.  1, 
Plate  13,  and  similar  to  those  ordinarily  made  in  wrought  iron  ;  of 
these  one  or  two  still  continue  in  use.  There  was  some  difficulty 
in  getting  the  air  out  of  the  core;  and  the  next  step  to  remedy  this 
is  shown  in  Fig.  2,  where  DD  is  the  tuyere,  and  E  a  cover  plate 
attached  with  bolts,  a  pasteboard  joint  being  placed  between,  and 
the  ascending  and  descending  pipes  are  secured  in  this  cover  plate. 
This  makes  a  very  good  tuyere,  cheap,  and  easily  replaced,  and 
some  of  them  have  been  in  use  three  or  four  years,  and  do  well. 

The  next  step  in  the  invention  was  the  tuyere  described  in  the 
paper  read  at  the  last  Meeting. 

The  writer  understands  that  a  similar  construction  of  tuyere  was 
introduced  by  Mr.  James  Gait,  into  Messrs.  Scott  and  Sinclair's 
"Works,  at  Greenock,  in  1847,  which  appears  to  have  been  his  own 
independent  invention ;  and  from  the  satisfactory  manner  in  which 
these  have  worked,  Messrs.  Neilson,  of  Hyde  Park  Foundry,  and 
other  engineering  establishments  of  Glasgow,  have  adopted  them. 

The  method  employed  at  the  Britannia  Foundry,  in  casting  these 
tuyeres,  is  to  cast  first  the  inside  piece  FF,  Fig.  3 ;  a  dry  sand  core 
is  then  made  in  the  space  of  the  GG  pattern,  and  the  inside  piece  is 
rammed  up  in  the  lower  box;  the  outside  pattern  being  then  put 
fairly  on  it,  the  mould  is  completed.  The  pattern  being  now  with- 
drawn, the  dry  sand  core  is  slipped  on  the  inside  piece,  and  the 
mould   is   then   ready  for  casting ;   the  outside  is  thus  shrunk  upon 
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the  inside  piece,  and  the  latter  being  slightly  ridged  at  the  junction, 
they  are  rendered  perfectly  tight,  and  are  seldom  or  never  found  to 
leak.  They  also  stand  the  fire  well,  and  the  moulding  being  thus 
simplified,  these  tuyeres  are  made  cheaply. 

Figs.  4,  5,  and  6,  Plate  14,  show  a  double  hearth  having  this 
tuyere  combined  with  it,  and  of  a  class  of  which  many  have  been 
made,  and  have  been  found  to  answer  well.  It  is  constructed 
entirely  of  cast-iron,  and  the  advantages  of  cast-iron  hearths  over 
brick  hearths  are  their  portability,  the  comparatively  little  space 
they  take  up,  which  is  further  economised  by  the  plan  of  bent 
tuyere  shown  in  the  drawings ;  also  their  compact  form,  which 
allows  the  shop  foreman  to  overlook  at  once  all  the  men  in  the 
shop.  These  hearths  are  also  cheaper  than  brick  ones,  and  the 
depth  being  less,  the  tuyeres  are  shorter. 


Mr.  Kamsbottom  inquired  whether  any  practical  difficulty  had 
been  experienced  from  leakage  at  the  nozzle  of  the  tuyeres?  as  the 
two  portions  were  not  united,  but  only  cast  one  upon,  the  other. 

Mr.  Fernie  said  he  had  not  found  any  leakage  to  take  place;  a 
large  number  had  been  made  upon  the  plan  as  shown  in  the  draw- 
ings, and  they  had  proved  quite  satisfactory.  At  the  last  meeting 
another  plan  of  construction  had  been  shown,  with  a  turned  cone 
joint  at  the  nozzle,  but  he  had  not  found  any  occasion  for  such  a 
joint ;  the  plan  of  casting  the  outer  portion  upon  the  inner  one,  he 
had  found  to  make  a  practically  tight  joint  by  the  contraction  in 
cooling,  and  it  was  a  cheaper  mode  of  construction. 

The  Chairman  asked  how  long  the  tuyeres  had  been  at  work, 
upon  the  make  shown  in  the  drawings  ? 

Mr.  Fernie  replied  that  a  large  number  had  been  in  use  upon 
that  plan  for  five  or  six  years,  and  most  of  them  had  been  in  con- 
stant work  all  the  time  without  requiring  repair. 

The  Chairman  then  proposed  a  vote  of  thanks  to  Mr.  Femie  for 
bis  communication,  whicli  was  parsed. 
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The  following  Paper,  by  Mr.  Edward  E.  Allen,  of  London,  was 
then  read  : — 

ON  THE  COMMERCIAL  ECONOMY  OF  WORKING  STEAM 
EXPANSIVELY  IN  MARINE  ENGINES,  WITH  DESCRIP- 
TION OF  A  NEW  DOUBLE  EXPANSIVE  MARINE 
ENGINE. 

It  is  proposed  in  the  present  paper  to  consider  the  practical  or 
commercial  advantages  of  working  Steam  expansively  in  the  INIarine 
Engine,  as  distinguished  from  the  theoretical  advantages,  which  latter 
are  better  understood,  and  more  generally  admitted. 

It  has  been  established  theoretically,  that  considerable  economy  is 
.obtainable  by  working  steam  expansively.  Thus — if  steam  be  allowed 
to  occupy  or  expand  into  twice  the  space  it  originally  occupied,  the  power 
developed  would  be  as  1'7  to  1,  and  according  to  the  following  table  : — 


Spaces      occu- ) 

pied  by  steam  j 

Power  developed 

1 
1 

2 
1-7 

3 
2-1 

4 
2-4 

5 
2-6 

6 
2-8 

i 

3  0 

8 
31 

9 
3-2 

10 
3-3 

The  same  volume  of  steam  being  used  in  all  cases,  and  allowed  to 
occupy  the  increased  spaces  during  expansion. 

Notwithstanding  that  this  has  been  long  known,  it  has  only  been 
comparatively  recently,  that  practical  benefit  has  been  derived  to  any 
considerable  extent  from  working  steam  expansively,  and  even  at  the 
present  day  the  principle  is  but  imperfectly  recognised,  or  at  least  is 
very  inadequately  carried  out  in  practice. 

The  attention  of  the  Institution  has  been  called,  on  several  occasions, 
to  the  advantages  of  working  steam  expansively,  both  in  Engines  em- 
ployed in  Manufactories,  and  in  Mining  Works,  and  also  in  Locomo- 
tives; and  the  papers  of  Mr.  Fairbairn,  Mr.  Samuel,  and  Mr.  Clark, 
have  taken  up  the  subject  in  reference  to  those  particular  cases. 

The  object  of  the  present  paper  is  confined  to  the  advantages  of 
working  steam  expansively  in  Marine  Engines,  and  to  endeavour  to 
arrive  at  the  causes  which  have  hitherto  prevented  the  principle  from 
being  as  successfully  carried  out  and  as  productive  of  economy  as  in  the 
case  of  i»umping  or  other  Stationary  Engines. 
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It  would  almost  seem  that  the  apparent  necessity  of  making  the 
engines  of  Steam  Vessels  occupy  the  least  possible  space,  actually 
prevented,  for  a  very  long  time,  any  attempt  whatever  being  made  to 
economize  fuel;  everything  being  overlooked  or  considered  unimpor- 
tant, when  compared  to  the  supposed  advantage  of  ha\'ing  the  engine 
space  as  small  as  possible. 

It  was  very  natural  that  the  first  step  in  the  economizing  of  fuel, 
by  working  steam  expansively,  should  be  taken  in  places  where  the 
spaces  which  the  engines  occupied  could  be  almost  indefinitely  increased ; 
and  we  find,  consequently,  that  the  system  of  working  expansively,  made 
very  great  progress,  and  may  almost  be  said  to  have  been  perfected  in 
Pumping  and  "Winding  Engines,  before  its  value  was  at  all  recognized 
in  other  cases.  Pumping  engines  had  been  worked  on  the  expansive 
principle  for  some  time,  before  any  attempt  was  made  to  carry  it  out 
in  engines  employed  in  the  Manufacturing  districts,  this  being  chiefly 
owing  to  the  cheapness  of  coal,  and  the  consequent  disregard  of  economy, 
and  also  to  the  circumstance  of  a  more  uniform  motion  being  required. 

It  will  be  seen  that  in  the  case  of  engines  of  manufactories,  the 
ground  space  was  but  little  more  limited  than  in  the  case  of  pumping 
engines,  and  probably  quite  as  little  limited  in  respect  to  vertical  height. 
The  boiler-room  in  these  cases  was  also  almost  unlimited,  as  also  was 
the  weight  of  the  machinery,  and  it  was  not  until  the  principle  of  ex- 
pansion was  considered  with  reference  to  Marine  Engines  and  Loco- 
motives, that  the  objections  to  increased  bulk  and  weight  of  the 
machinery  became,  or  appeared  to  become,  so  important,  as  to  prevent 
its  being  carried  into  practice. 

One  very  important  matter  appears  to  have  been  overlooked  in  con- 
sidering the  weight  of  the  ^Marine  engine,  and  that  is,  that  it  is  not 
simply  the  weight  of  the  Machinery  tliat  has  to  be  considered,  but  the 
joint  weight  of  the  machinery  and  fuel.  It  is  true  that  in  the  case  of 
the  first  steam-boats,  the  weight  of  the  fuel  carried  did  not  form  so  impor- 
tant an  item  as  at  the  present  time  ;  yet  as  compared  to  that  of  the 
engine  and  boiler,  it  was,  and  always  must  be,  considerable  in  every 
steam  vessel  In  river  boats  it  may  be  taken  roughly  at  about  one 
quarter  the  entire  weight  of  engines,  boilers,  and  water,  equal  to  about 
2^  days'  consumptioni  this  being  the  least  proportion. 
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The   following   Table  gives  the  weight  of   coals    usually  taken  by 
steamers,  according  to  the  length  of  voyage,  &c.  : — 


TABLE  I. 

Proportion  of  Weight  of  Coals  to  Weight  of  Machinery. 


Class. 

Service. 

Station,  or 
Employment. 

Number  of  Days' 
Cousumption. 

Proportion  of 
Weight  of  Coal.s  to 
Weight  of  Ma- 
chinery, 

1 
2 

3 
4 

5 

1 

Thames  and  Clyde 

General        Steam  \ 
Navigation  Com-  ,- 
pany,  Colliers,  &c.  j 

America  and  Go-  ) 
vernment J 

Australia... 

India,  &c 

10 

15 

40* 

70 

4th. 
Equal. 

1^  times. 
4  times. 

7  times. 

Coasting  and  Con-  ) 
tiuental j 

Ocean,  Short  voyages 
Ocean,  Long  voyages 

Ocean,     proposed  ^ 
voyage   out    and   V 
home  j 

It  will  thus  be  seen  that,  except  in  Kiver  Steamers,  any  saving  in 
the  quantity  of  fuel  must  be  of  vital  importance,  and  the  more  so,  in 
proportion  to  the  length  of  voyage. 

In  the  large  steamer  now  constructing  for  the  Eastern  Steam  Navi- 
gation Company,  the  quantity  of  Coals  taken  is  proposed  to  be  seven 
times  the  gross  weight  of  Machinery,  so  that  any  small  per-centage  of 
saving  would  really  amount  to  a  considerable  quantity. 

On  one  occasion  the  "  CrcEsus  "  took  nearly  1400  tons  of  coals,  being 
about  in  the  proportion  of  7  to  1  to  weight  of  Machinery.  This  quantity 
was  intended  to  work  her  outward  and  part  of  her  homeward  voyage. 

It  will  be  found  that,  as  a  general  rule.  Marine  Engines  are  only 
using  their  steam  expansively  to  a  very  small  extent,  the  steam  usually 
being  cut  off  at  3-4ths  of  the  stroke,  thus  economising  in  the  ratio  of 
1  'S  to  1  only,  or  say  practically  equal  to  a  saving  of  20  per  cent,  on  the 
coal  consumed  if  no  expansion  were  allowed  to  take  place. 

This  amount  of  expansion  is  given  by  the  slide  alone  having  suffi- 

•  steamers  taking  coal  equal  to  only  four  times  the  weight  of  machinery,  are  obliged  to 
coal  on  the  way  out  and  home. 
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cient  lap  on  the  steam  side.  It  is  now  usual  however  to  fit  expansion 
valves  to  the  Government  engines,  as  well  as  to  many  in  the  Merchant 
service,  for  the  purpose  of  working  expansively  when  short  of  coal,  or 
when  the  vessels  are  running  with  a  fair  wind  ;  but  these  appliances 
are  never  designed  for  continual  working.  The  "link  motion  "  is  also 
used  in  marine  engines  for  occasional  expansive  working. 

From  a  pamphlet  recently  published  by  Capt.  J.  C.  Hoseason, 
lately  commanding  the  "Inflexible,"  it  appears  that  so  far  back  as  1842 
the  attention  of  the  Admiralty  was  called  to  the  subject  now  in  hand, 
viz.  — the  economy  of  expanding  steam.  But  at  that  time  the  principal 
difficulty  in  using  steam  expansively  was  doubtless  the  low  pressure  at 
which  the  boilers  were  worked,  being  only  about  5  lbs.  per  square  inch. 

It  appears  however  that  in  1842  the  pressure  in  the  boilers  of  the 
"  Inflexible "  was  raised  from  6  to  8  lbs.  by  Capt.  Hoseason's  desire, 
and  the  pressure  in  the  "  Terrible"  was  fixed  to  10  lbs. 

In  1849  the  Indian  Government  obtained  a  paper  on  the  expansive 
action  of  steam  from  Messrs.  Maudslay,  Sons,  and  Field,  and  from  the 
extracts  given  in  Capt.  Hoseason's  pamphlet,  it  would  appear  that  the 
case  was  fairly  made  out. 

To  prove  the  extent  to  which  the  weight  of  the  machinery  could  be 
increased  without  increasing  the  gross  iceight  carried,  the  following 
example  is  given. 

"  Suppose  a  vessel  with  400  horse-power  engines  working  up  to  their 
full  power ;  the  consumption  would  be  30  tons  per  day,  and  she  would 
carry  750  tons  of  coal,  which  would  be  25  days'  consumption. 
The  400  Horse  engines  would  weigh     .     300  tons. 

Coal     .     750     „ 


Total  weight       1050 


"  Suppose  the  same  vessel  with  600  Horse  engines,  but  only  working 
up  to  400  Horse-power,  the  consumption  would  then  be  22 1  tons  per  day, 
and  she  would  carry  600  tons  of  coal,  which  is  26  J  days'  consumption. 
The  600  Horse  engines  would  weigh     .      450  tons. 

Coal     .     600     „ 


Total  weight        1050 
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"Thus,  with  the  larger  engines,  the  vessel  will  carry  H  Jays'  more 
coal  than  with  the  smaller  engines,  and  would  save  during  25  days  the 
value  of  150  tons  of  coal." 

These  facts  having  been  pointed  out  so  forcibly  six  years  ago,  it 
appears  strange  that  the  principles  upon  which  they  were  founded 
should  not  have  been  carried  out  more  fully  than  they  have  been. 
Comparatively,  however,  nothing  has  been  done,  although  with  respect 
to  the  Australian  Vessels,  the  necessity  of  economising  has  increased 
three-fold,  from  the  quantity  of  coal  required  to  be  carried  being  just 
about  three  times  that  taken  by  the  Government  vessels,  viz.,  about 
4  times  the  weight  of  machinery,  instead  of  1|  times.  It  Avill  be  seen 
tliat  as  the  necessity  for  economy  increases,  so  does  the  facility  or  means 
of  producing  it  increase  from  the  great  proportionate  weight  of  coal 
upon  which  a  reduction  can  be  made,  in  order  to  compensate  for  any 
increase  in  the  weight  of  machinery. 

In  such  cases  as  the  Aiistralian  Vessels,  where  the  Aveight  of  coals 
carried  amounts  to  4  times  the  weight  of  machinery,  a  saving  of  25  per 
cent,  of  the  coals  would  allow  of  the  weight  of  the  machinery  being 
doubled,  without  the  gross  weight  being  increased. 

Take  for  example  Engines  of  400  Horse-power,  weighing  300  tons, 
and  the  coals  carried,  1200  tons,  making  a  total  of  1500  tons.  If  the 
coals  by  more  economical  working  can  be  reduced  to  900  tons,  then 
the  engines  may  be  allowed  to  weigh  600  tons,  and  the  gross  weight  to 
be  carried  will  only  be  the  same,  the  coal  saved  being  equal  to  300  tons. 
Extending  Messrs.  Maudslay's  example,  it  will  be  seen  by  the  following 
Table  II.  to  what  exent  the  weight  of  the  machinery  could  be  increased 
without  addincr  to  the  gross  weight,  in  the  case  of  the  coals  carried  being 
equal  to  4  times  the  weight  of  machinery,  the  power  worked  up  to  being 
the  same. 
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TABLE  IL 

Showing  the  increased  weight  of  Machinery  caused  by  increasing  the 
nominal  horse-power  or  size  of  the  engines,  and  also  tlie  necessary 
reduction  in  the  quantity  of  coals  taken,  so  that  the  gross  weight  may 
remain  the  same. 


Power         Nominal 
Worked  to  Horse- Power. 


H.  P. 

Fall. 
400 
400 
400 
400 


HP. 

400 

600 

800 

1000 

1200 


Weight  of 
Machinery. 

Weight  of 
Coals. 

Tons. 

Tons. 

300 

1200 

450 

1050 

600 

900 

750 

750 

900 

600 

Total  weight 
carried. 


Consumption 
per  day. 


Tons. 
1500 
1500 
1500 
1500 
1.^00 


Tons. 
30 
22i 
20 
19 
18 


Number  of 

days' 

Consumption. 


Days. 
40 
45 
45 
40 
35 


From  this  it  seems  that  an  increase  in  the  weight  of  machinery  to  2^ 
times,  still  admits  of  coals  sufficient  to  work  for  as  many  days,  and 
saves  450  tons  of  coal. 

The  object  of  the  present  paper  is  somewhat  different  from  that 
aimed  at  in  the  pamphlet  referred  to,  although  nearly  the  same  con- 
siderations are  involved.  It  was  then  desired  to  show  that  both  the 
power  and  weight  of  the  engines  could  be  increased  without  increasing 
the  "TOSS  weights  carried,  the  increased  poAver  being  only  occasionally 

yxsed this  beinc^  a  most  important  point  for  AVar  Steamers,  and  others, 

when  workin"^  against  the  hurricanes  in  the  Indian  seas.  &c  This 
advisable  increase  of  power,  however,  involving  a  corresponding  increase 
in  the  first  cost  of  engines,  though  attended  with  counterbalancing 
advantages. 

It  is  proposed  now  to  show  how  the  engines  alone  may  he  increased 
in  size  for  expansive  working,  and  consequently  slightly  increased  in 
weight,  not  only  without  increasing  tlie  gross  weight  carried,  but  how  it 
can  be  done  so  as  very  materially  to  lessen  the  gross  weights  carried,  that 
is  in  coal  and  machinery,  leaving  greater  stowage  for  cargo. 

It  is  presumed  that  the  power  placed  in  vessels  is  now  sufficient 
(whether  it  is  so  or  not  does  not  affect  the  present  question),  and  there- 
fore in  the  examples  given,  no  provision  is  made  for  the  engine  power 
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being  even  temporarily  increased,  although  this  would  probably,  in 
many  cases,  be  a  great  desideratum.  Neither  are  the  Boilers  supposed 
to  be  increased,  either  in  number  or  size ;  but  to  avoid  complicating 
the  deductions  they  are  supposed  to  remain  the  same,  especially  since 
at  present  marine  boilers  are  too  much  overworked  to  last  any  length 
of  time,  and  an  increase  of  boiler  room  relative  to  the  power  would  be 
desirable.  Strictly  considered,  however,  the  weight  of  the  boilers 
would  be  diminished  in  about  the  proportion  of  the  diminution  of  coal 
consumed. 

Taking  the  five  classes  of  steamers  given  in  the  preceding  Table  I., 
which  shows  the  weight  of  coals  usually  taken  in  the  several  cases,  it 
will  now  be  necessary  to  give  the  spaces  occupied  by  them  in  proportion 
to  that  occupied  by  the  Engines,  exclusive  of  the  boilers  and  passages. 
The  following  Table,  III.,  shows  the  floor  or  horizontal  space  occupied 
by  the  Coal-bunkers  in  the  five  classes  of  steamers. 
The  Engines,  Boilers,  and  Water  are  supposed  at  13  cwt.  per  HP.* 

The  space  occupied  by  Coals  is  taken  at         45  cub.  ft.  per  ton. 

The  floor  space  occupied  by  Engines  alone  is  taken  at  f  sq.  ft.  per  HP.  f 


TABLE  III. 
Proportion  of  space  occupied  hy  Coals  to  that  occupied  by  Engines  alone. 


Class. 

Station  or  Service. 

Weight  of  Coals, 

in  terms  of 
weight  of  Ma- 
chinery. 

Depth  of  Coals 
in  each  class  of 

Vessel, 
approximate. 

Horizontal  or 
floor  space  occu- 
pied by  Coals, 
in  proportion  to 
Engines  alone. 

1 
2 

3 

4 

5 

River. 

Coasting  and  Continental. 

Ocean     Short     Voyages,     and 

Government. 
Ocean  Long  Voyages. 

Ocean    Proposed   Voyage    out 
and  home. 

l-4th. 
Equal. 

1^  times. 

4  times. 

7  times. 

9  feet. 
12  feet. 

20  feet. 

25  feet. 

50  feet. 

Equal. 
3  times. 

3  times. 

5  times. 

5  times. 

It  will  be  seen  from  the  above  table,  that  in  the  case  of  Government 
vessels,  where  the  weight  of  coals  is  usually  equal  to  1 1  times  the  gross 
weight  of  machinery,  the  horizontal  space  occupied  by  the  coal  may  be 
taken  at   3    times   the   space   taken    up  by   the    Engines    themselves 

»  See  Table  IV.  f  See  Table  VII. 


GG 
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(that  is,  exclusive  of  boilers  and  passages),  or  about  equal  to  the  total 
machinery  space,  if  the  boilers  and  passages  be  included-  This  is 
further  explained  by  Table  VL,  which  gives  the  examples  from  -which 
these  data  are  obtained. 

In  the  example  quoted  above  from  Messrs.  Maudslay,  where  the 
coal  weighed  2^  times  the  machinery,  instead  of  1^  times  which  is  the 
quantity  more  generally  taken,  the  horizontal  or  floor  space  occupied 
would  be  5  times  that  occupied  by  the  engines  alone,  instead  of  3 
times  as  given  above.  So  that  supposing  the  passages  left  the  same, 
the  400  horse-power  engines  could  be  replaced  by  engines  of  600 
horse-power,  and  the  saving  of  space  required  for  coal  would  balance 
the  increased  space  occupied  by  the  engines,  consequently  leaving  the 
total  weights  carried  the  same,  and  the  total  space  occupied  by 
machinery  and  coal  (taken  together)  the  same,  witb  the  600  horse-power 
engines,  as  Avith  the  400  horse-power. 

The  following  Table  IV.,  is  given  for  the  purpose  of  showing  tlie 
relative  weights  of  the  different  parts  of  the  machinery  in  steam  vessels, 
and  is  taken  from  two  tenders  supplied  to  the  Government  for  paddle- 
wheel  engines  of  260  horse-power,  and  screw  engines  of  450  horse- 
power; the  Table  shows  also  the  average  of  18  estimates  sent  to 
Government  by  different  engine-makers,  giving  the  separate  weights  of 
the  various  parts  of  the  machinery  (as  the  engines,  boilers,  water, 
wheels  or  screws,  &c.) 

TABLE  IV. 


Parts. 


Eugines     

Boilers  and  fittings 

Water        

Coal-buokers    .  .     . 

WheeU      

Spjvre  Gear       .  .     . 


Total 


j  Paddle  Entrines,    r>       _i 
.      Average  of  18      General  average 


Paddle  Engines,  i  Screw  Engines, 

260  iiorse-power.  [  4  50  horse -power,  j       Estimates, 

453  horse-power. 


80  tona, 

45 

30 

10 

13 

12 


190  tons. 


127  tons. 
55 
45 
15 
30 
18 


127  tons. 
63     „ 

m .. 

15i  „ 
28i  „ 
16i  „ 


290  tons. 


293  tons. 


per 
horse- power. 


6*70  cwt 

2-95  „ 
1-90     „ 

•70  „ 
1-20    „ 

•75    .. 


13-20  cwt. 


It  will  be  sufficiently  near  for  the  present  purpose,  therefore,   to 
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consider  the  relative  weights  of  tlie  different  parts  of  marine  engines 
to  be  as  follows,  viz.  : — 


Engines 

Boilers  and  fittings 

Water 

Wheels  or  screw 

Spare  gear 


5i  cwt.  per  nor 
3    cwt. 
2    cwt. 
1    cwt. 
I  cwt. 


linal  liorse-power. 


Coal-bunkers  (containing  about  )     3       , 
15  cwt.  per  horse-power.)      j     * 

Total  ...  ...  ...  ...     13  cwt.  per  nominal  horse  power. 

The  practical  applications  which  are  made  of  these  particulars  in 
the  calculations  contained  in  this  paper  are,  first,  that  the  weight  of 
piarine  machinery  may  be  fairly  assumed  at  13  cwt.  per  nominal  horse- 
power; and  secondly,  that  the  weight  of  the  engines  and  sjDare  gear 
together  may  be  taken  at  one  half  of  the  gross  weight  of  machinery. 
This  consideration  is  of  much  importance,  as  it  is  the  engines  alone  that 
are  supposed  to  be  increased  in  size  and  weight,  to  admit  of  greater 
expansion  of  the  steam ;  the  boilers  and  wheels  or  screw  being  sup- 
posed to  remain  the  same,  as  has  been  before  stated. 

Table  V.  gives  the  total  space  occupied  by  the  Machinery  and  Coals 
relatively  to  the  entire  hulls,  and  includes  the  averages  of  six  vessels 
with  side-lever  engines,  and  six  vessels  Avith  direct-acting  engines,  all 
belonging  to  the  Peninsular  and  Oriental  Steam  Navigation  Company  j 
also  the  average  of  1200  English  Merchant  vessels. 

TABLE  V. 


Average 
Registered 
Tcimage. 

Average 

Tonnage  of 

Engine-ruotn. 

Average               Average 
Total  Tonnage.    Horse-power. 

Per-centage  of 

Engine  Room  to 

total  tonnage. 

Average 
lofcil  Tonnage, 

per 
Horse-power. 

Average  of  6  Side-lever  Engines,  P.  and  0.  S.  N.  Co. 

1156 

913 

2069 

636 

44  per  cent. 

3  25 

Average  of  6  Direct-acting  Engines,  P.  and  0.  S.  N.  Co. 

1659                    854 

2513 

794 

84  per  cent. 

316 

Average  of  1200  English  Merchant  Steamers. 

138 

108 

246 

83 

44  per  cent. 

2-95 
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From  Table  V.  it  appears  that  from  34  to  4-4  per  cent,  of  the 
ichole  capacity  of  the  Vessels  is  occupied  by  the  Engine-room  and 
Coals.  The  table  also  gives  the  most  general  proportion  of  power  to 
tonnage  as  one  horse-power  to  every  three  tons. 

Tables  VL  and  VII.  give  the  particulars  of  several  steamers,  with 
both  screw  and  paddle-wheel  engines,  from  which  the  comparative 
spaces  occupied  by  the  Coals  and  Machinery  will  be  seen. 

From  these  Tables  several  important  particulars  may  be  deduced  : — 

1st. — That  in  Government  Vessels  the  general  proportion  of  coal 
taken  is  1  ton  per  nominal  horse-power,  equal  to  about  \^  times  the 
gross  weight  of  machinery,  as  before  given. 

2ndly. — That  the  horizontal  space  occupied  by  the  entire  engine- 
room,  when  this  proportion  of  coal  is  taken,  is  about  4  to  4i  square  feet 
per  nominal  horse-power. 

3rdly. — That  the  space  occupied  by  the  coal-bunkers,  carrying  this 
proportion  of  fuel,  may  be  taken  at  2  or  2^  square  feet  per  horse-power, 
or  about  3  times  the  space  occupied  by  the  engines  alone,  exclusive  of 
boilers,  passages,  &c. 

4thly. — That  the  space  occupied  by  the  engines  alone,  exclusive  of 
boilers,  coal-bunkers,  and  passages,  may  be  taken  at  |  square  feet  per 
nominal  horse-power,  that  is,  where  the  engines  are  direct-acting. 

From  an  average  of  the  18  estimates  furnished  to  Government  by 

different  makers,  and  from  some  other  cases,  it  appears,  that  the  space 

occupied  by  the  boilers  alone  may  be  taken  at  about  1  square  foot  per 

nominal  horse-power,  and  that  the  total  price  of  £43  per  horse-power  for 

the  machinery  may  be  thus  divided : — 

£  s.  d. 

Engines,  boilers,  and  coal-bunkers  38  0  0  per  horse-power. 

Wheels 2  10  0    „       „ 

Spare  gear 2  10  0,,       „         „ 

Total   ...    £43     0     0    „       „ 

The  amount  for  engines,  &c.,  may  be  divided  nearly  as  follows : — 

£       s.       d. 

Engines 24     0     0  per  horse-power. 

Boilers        12     0     0   „       „ 

Coal-bunkers 2     0     0,,       „         „ 

Total   .     .     £38     0     0    „       „ 
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These  proportions  will  be  quite  near  enough  for  the  purpose  required, 
and  the  relation  they  hear  to  each  other  will  not  be  much  influenced  by 
the  present  increased  prices. 

It  will  therefore  be  assumed  that  the  cost  of  the  engines  alone  is 
about  one  half  the  entire  cost  of  machinery. 

It  will  be  requisite  further  to  consider  the  average  annual  expense 
of  the  coal  used  by  steam  vessels,  and  its  proportion  to  the  cost  of  the 
vessels  or  capital ;  this  depending  partly  upon  the  class  of  vessel,  and 
partly  upon  the  service  upon  which  she  is  engaged. 

Table  VIII.  gives  an  approximation  to  the  yearly  cost  of  coal  used 
by  5  classes  of  vessels,  with  the  relation  it  bears  to  their  cost. 

These  comparisons  will  be  found  useful  when  the  advantages  of 
increasing  the  size  of  tlie  engines  are  considered. 

The  cost  of  coal  in  London  is  taken  at  16s.  per  ton. 
The  cost  of  coal  in  Liverpool  is  taken  at  12s.  per  ton. 
The  cost  of  coal  for  Australian  vessels  at  an  average  of  60s.  per  ton. 
The  cost  of  coal  for  Eastern  Steam !N"avigation  Company  at  12s.  per  ton. 
The  price  of  coal  is  sometimes  above  these  amounts,  but  they  are 
near  enough  to  illustrate  the  argument  intended. 

For  better  comparison,  it  will  be  desirable  to  condense  the  results, 
and  this  Table  gives  us  the  cost  of  Engines  alone  (assumed  at  half  the 
total  cost  of  Machinery)  in 

Classes  3,  4,  and  5,  at  15  per  cent,  of  the  capital; 
Class  2,      ...     at  20  per  cent,  of  the  capital ; 
Class  1,      .     .     .     at  30  per  cent,  of  the  capital. 
Also  the  yearly  cost  of  Coal  in 

Classes  2,  3,  and  5,  at  say  5  per  cent,  of  the  capital ; 
Class  1,  ...  at  say  15  per  cent,  of  the  capital; 
Class  4,      ...     at  say  25  per  cent,  of  the  capital. 
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In  further  illustration  of  this  part  of  the  subject,  the  subjoined 
accounts  are  added. 

The  following  account,  in  Table  IX.,  is  given  by  the  West  India 
Mail  Steam  Packet  Company,  showing  the  relative  cost  of  Coal, 
Wages,  &c.,  for  1850  and  1852 ;  the  amounts  being  the  mileage 
expenses  : — 

TABLE  IX. 
West  India  Mail  Co.,  Mileage  Expenses. 


1850. 

1S52. 

P^r  Mile 
Run. 

Per-Centages 
of  Total. 

Per  Mile 
Run. 

Per-Centages 
of  Total. 

S.   d. 

s.    d. 

Coals 

3    10 

30-07 

5     4 

35-55 

Wages  .     .     . 

2     1 

16-34 

1  10 

12-22 

Victualling    . 

1     5 

11-11 

1     5 

9-45 

Stores  .     .     . 

0     8 

5-23 

0     8 

4-45 

General  Service 

1     3 

9-80 

1     5 

9-45 

Port  C barges 

0     3 

1-96 

0     4 

2-22 

Insurance  .     . 

1     3 

9-80 

1     7 

10-55 

Repairs      .     . 

2    0 

15-69 

2     5 

16-11 

Total     .     .     . 

12    9 

100-00 

15     0 

100-00 

This  gives  the  cost  of  Coals  in  1850,  equal  to  30  per  cent,  of  the 
total  working  cost,  and  in  1852,  equal  to  35|-  per  cent. 

Table  X.  gives  the  total  actual  expenses  of  Coals,  Wages,  &c.,  of 
the  same  Company,  for  the  year  1850,  and  the  per-centages  of  these 
items,  on  the  total  cost  of  Vessels. 

This  table  gives  the  cost  of  Coals  in  1850  equal  to  28  per  cent,  of 
the  working  expenses,  and  nearly  13  per  cent,  of  the  total  cost  of 
vessels,  and  the  whole  working  expenses  at  45|  per  cent,  of  the  cost  of 
vessels. 

If  the  mileage  working  expenses  for  1850  be  taken  to  amount  to  45^ 
per  cent,  of  the  capital,  then  in  1852  the  same  expenses  would  be  53^ 
per  cent.,  and  from  the  respective  ratios  of  the  cost  of  coals  to  the  total 
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working  expenses  for  those  years  we  have  13 '74  per  cent.,  and  19 '02 
per  cent,  as  the  cost  of  coals  on  the  capital;  consequently  15  per  cent 
may  be  fairly  taken  as  a  mean. 

TABLE  X. 
Wed  Lulia  Mail  Steam  Packet  Company. 


Coals,  Freight,  &  all  Charges 

Wages 

Provisions 

Stores     • 

Port  Charges  and  Pilotage 
General  Service  and  Stations 

Coal  Sacks 

Ofi&ce  and  Law      .... 
Salaries  ....... 

Insurance    

Repairs,  Ship,  &  Machinery 

Total 


Working 

£xpeu!<ea 

in  1S50. 


£        s.     d. 
88,436     0     7 

44,853  13  10 

63,863     9     7 

15,387     8     0 


Per-Centage 

of 

Total. 


6,745     0 

13,179  10 

1,927    9 

1,713     1 

11,730  17 

25,000    0 


41,055    8  10 


28-17 

14-29 

20-34 

4-90 

2-15 

4-20 

•62 

•55 

3-74 

7-96 

i:!-08 


313,896  19     4 


100-00 


<^ 


Per-Centa{fe 

on  Cost  of 

Vessels. 


12| 
6| 
9| 
2i 
1 
2 
k 
i 
II 


45i 
per  cent. 


For  easy  reference  the  following  Table  XL,  is  given 
TABLE  XL 


When  the 

Annual  Cost  of  Coal  on  capital 

amounts  respectively  to 

5  per  cent. 

15  per  cent. 

25  per  cent. 

Then  10  Iter  cent,  saving  in  Coal  ) 
equals  \ 

^  per  cent,  on 
capital. 

14  per  cent,  on 
capital. 

24  per  cent, 
on  capital. 

..     20        „          ..        ..        „ 

1 

3 

5         „ 

„     30 

n    M 

44        .. 

n    „ 

„     40         „           „         „         „ 

2 

6 

10      „ 

As  the  least  of  these  savings,  in  the  middle  column,  frequently  makes 
ail  the  .difference  between  a  good  and  bad  paying  concern,  it  is  quite 
certain  that  upon  the  expenses  of  the  single  item  of  coal  may  frequently 
hang  the  very  existence  of  a  Company. 
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It  will  be  seen  from  the  foregoing  accounts  that  there  is  little  room 
for  economizing  the  expenditure  upon  any  other  item,  to  anything  like 
the  extent  possible  in  the  item  of  coals  alone,  as  the  largest  amount 
next  that  for  coals,  according  to  the  mileage  expenses,  is  for  wages  or 
repairs,  each  of  these  amounting  to  only  about  half  the  cost  of  the 
coals. 

The  following  Tables  XII.,  XIII.,  XIV.,  have  been  compiled  in 
order  to  show  the  increased  dividend  on  original  capital  which  may  be 
made  by  a  saving  in  coal,  owdng  to  expansive  working  of  the  steam,  the 
size  or  nominal  horse-power  of  the  engines  being  supposed  to  be  increased 
from  1  to  li,  2,  2  J,  and  3  times  respectively,  the  extra  cost  of  larger 
engines  being  proportionately  allowed  for,  and  the  boilers  and  wheels  or 
screw  supposed  to  remain  the  same.  The  indicated  or  real  horse-power  is 
also  supposed  to  remain  the  same,  the  larger  engines  being  solely  for 
the  purpose  of  working  the  steam  expanpivel3% 

The  first  Table  XII.  is  based  on  the  supposition  that  the  annual  cost 
of  coals  is  equal  to  5  per  cent,  on  the  capital,  and  nearly  agrees  with 
the  classes  of  vessels  numbered  2,  3,  and  5  in  the  former  Table  VIII. 

This  proportionate  cost  of  coals  is  here  applied  to  cases  in  which  the 
cost  of  the  engine-power,  (exclusive  of  boilers,  wheels  or  screw,)  is 
equal  to  15  per  cent,  of  the  capital,  say  as  in  Classes  3  and  5,  and  also  to 
cases  in  which  the  cost  of  the  engine-power  is  20  per  cent,  of  the  capital, 
as  in  Class  2.  Column  A  gives  the  proportionate  size  or  nominal 
horse-power  of  engines;  column  B  the  proportionate  quantity  of  coal 
required  to  develope  an  equal  amount  of  power  {in  each  case) ;  column 
C  the  proportionate  cost  of  coal  in  per-centage  of  capital;  column  D 
the  proportionate  saving  in  cost  of  coal  in  per-centage  of  capital,  from 
which  it  appears  that  if  the  size  of  the  Engines  be  doubled,  the  saving 
is  1-45  per  cent,  on  the  capital,  and  if  the  size  of  the  Engines  be  in- 
creased to  3  times,  the  saving  is  2*15  per  cent,  on  the  capital.  From 
this  saving  on  the  item  of  coal,  however,  must  be  deducted  the  interest 
on  the  extra  cost  of  larger  engines,  and  this  deduction  will  vary  accord- 
ing to  the  proportionate  expenses  of  the  engines  to  the  capital.  Columns 
E,  F,  G  apply  to  the  case  in  which  the  cost  of  the  Engin«s  alone 
(exclusive  of  boilers,  wheels  or  screw)  amounts  to  15  per  cent,  of 
capital,   (as  in  American  vessels,   and  the  Eastern  Steam  Navigation 


76  EXPAXSIOX    IN    MARINE    ENGINES. 

Company  ;)  and  columns  H,  I,  J  to  the  case  in  which  the  cost  of 
I^ngines  alone  amounts  to  L'O  per  cent,  of  capital,  as  in  Continental 
Steamers,  &c. ;  columns  E  and  H  give  the  necessary  per-centage  of 
increase  of  capital ;  columns  F  and  I  the  permanent  charge  on 
capital  being  5  per  cent,  allowed  on  the  necessary  addition  made  to 
it ;  and  columns  G  and  J  the  gross  gain  in  per-centage  of  capital, 
after  deducting  the  interest  on  extra  cost  of  Engines  from  the  total 
gain  or  saving  in  coal.  These  results  show  that  if  the  size  of  the 
Engines  be  doubled  an  additional  0*70  or  0*45  per  cent,  may  be  paid 
on  capital,  and  that  upon  the  Engines  being  increased  to  3  times 
the  size,  an  additional  0*65  or  0'15  per  cent,  may  be  paid  on  capital, 
according  as  the  cost  of  the  engine-power  amounts  to  15  per  cent, 
or  20  per  cent,  of  the  capital  respectively. 

The  second  Table,  XIII. ,  is  constructed  in  the  same  manner  as  the 
first,  the  annual  cost  of  Coals  being  taken  at  15  per  cent,  of  the  capital, 
which,  as  before-mentioned,  applies  to  the  class  of  vessels  marked  1,  and 
the  "West  India  Mail  boats.  This  annual  cost  of  Coals  is  applied  to  the 
cases  in  which  the  cost  of  engines,  (exclusive  of  boilers,  wheels,  or 
screw,)  amounts  to  20  per  cent,  of  the  capital,  and  also  to  the  cases  in 
which  the  cost  of  engines  alone  amounts  to  30  per  cent,  of  the  capital ; 
the  general  results  are,  that  if  the  engines  be  increased  to  double  the 
size,  for  the  sake  of  expansive  working,  the  saving  of  coal  would  be  4*35 
per  cent  of  capital,  and  if  the  engines  be  increased  to  3  times  the  size, 
the  saving  in  coal  would  be  6*45  per  cent,  of  capital.  These  amounts 
are  reduced  by  the  extra  cost  of  engines  respectively  to  3 '35  per  cent., 
and  2*85  per  cent,  of  capital,  and  to  4*45  per  cent.,  and  3  45  per  cent, 
of  capital,  according  as  the  cost  of  engine-power  amounts  to  20  per  cent, 
or  30  ]>er  cent,  of  capital. 
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TABLE  XIV. 

Tahle  showing  tJie  Increased  Dividend  by  a  saving  in  Coal  from 
Expansive  Working,  the  extra  Cost  of  Larger  Engines  being  taken 
into  accoimt  (Boilers,  Wheels  or  Screw,  and  indicated  Ilorse-power, 
being  supposed  to  remain  the  same). 


Proportional  nominal 
Horse  Power,  or 
size  of  Engines. 

o  2  . 

rt  "  # 
a  I.  o 

111 

ANNUAL  COST  OF  COALS  TAKEN  AT  25  PER  CENT.  OP  CAPITAL. 

Cost  of 
Coal  in 
per-cent- 

age  of 
original 
Capital. 

Saving  in 
Cost  of 
Coal  in 

per-cent- 

age  of 
original 
Capital. 

Cost  of  Engines  alone  (exclusive  of  Boilers, 

Screw,  &c.),  equal  to  15  j>er  cent,  of  Capital. 

(as  in  Australian  Vessels,  Class  4). 

Increasing  the         Permanent 
Nominal  Horse  [  Charge  on  Capi- 
Power  adds  to    |  tal,  being  5  per 
Capital  invested,  cent,  on  addition 

Gross  gain  on 
Capital,  deduct- 
ing the  amounts 
in  F  from  D. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

1-00 

25  00 

U 

•81 

20-25 

4-75 

7-50 

•37 

4-38 

2 

•71 

1775 

7-25 

1500 

•75 

6-50 

24 

,  -63 

15-75 

9-25 

22-50 

1-12 

813 

3 

•57 

14-25 

10-75 

30-00 

1-50 

9^25 

A 

B 

C 

D 

E 

F 

G 

The  third  Table,  XIV.,  is  constructed  in  the  same  manner  as  the 
two  former  ones,  the  annual  cost  of  Coals  being  taken  at  25  per  cent,  of 
the  capital,  -which,  as  shown  before,  applies  to  the  Australian  vessels,  or 
class  4,  where  the  cost  of  engines  alone,  (exclusive  of  boilers,  wheels,  or 
screw,)  is  equal  to  about  15  per  cent,  of  capital.  The  results  are,  that 
if  the  size  of  the  engines  be  doubled  for  expansive  working,  the  saving  of 
Coal  would  amount  to  7-25  per  cent,  of  capital,  and  if  increased  to  3  times 
the  size,  the  saving  of  Coal  would  amount  to  10-75  per  cent,  of  capital. 
These  amounts  are  reduced  by  the  extra  cost  of  engines  to  6-50  per 
cent,  and  9-25  per  cent,  of  capital. 

It  is  evident  that  the  dearer  the  coal  is,  or  the  larger  the  quantity 
consumed  in  proportion  to  the  actual  power  developed,  the  more  ad- 
vantageous would  be  the  saving  effected  by  expansive  working,  as  the 
per-centage  of  saving  in  coal  would  the  sooner  cover  any  extra  cost  of 
engines  ;  and  the  foregoing  tables  clearly  show  that  if  the  size  of  the 
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engines  be  increased  to  ihree  times  for  expansive  working,  and  theii 
cod  be  consequently  doubled,  there  yet  remains  a  gain  under  tbe  worst 
circumstances,  of  '15  per  cent,  on  capital,  and  under  favourable  cir- 
cumstances, such  as  those  presented  by  the  Australian  vessels,  of  9| 
per  cent,  on  capital.* 

It  is  proposed  now  to  consider  the  effect  of  increasing  the  size  of 
the  Engines  for  expansive  working,  as  regards  the  total  weights  carried  ; 
and  the  following  Table  XV.,  gives  the  relative  increase  of  weight  re- 
sulting from  an  ordinary  engine  being  increased  in  size  from  1  to  H, 
2,  2\,  and  three  times ;  also  the  proportionate  quantity  of  coal  consumed 
in  a  given  time  ;  the  saving  in  weight  of  coal  balancing  the  increase  in 
weight  of  engines,  where  the  proportion  of  coal  is  large.  The  two 
last  columns  give  the  ratios  of  time,  and  the  proportionate  number  of 
days  the  coal  would  last  in  the  respective  cases,  if  the  gross  weights 
carried  were  kept  the  same. 

The  general  results  may  be  given  as  follows ; — that  when  the 
size  of  the  Engines  is  doubled,  tbe  gross  weights  of  machinery  and 
coal  together  are 

Increase. 

Increased  in  Class  1,  from    1'25   to    1"68   equal  to  34    per  cent. 
„         in  Class  2,  from    2-00   to    2-21    equal  to  lOi 
„         in  Class  3,  from    2*50   to   2-56    equal  to    2i         „ 

and  are  Decrease. 

Decreased  in  Class  4,  from   5*00   to   4*34   equal  to    13    per   cent. 
„         in  Class  5,  from    8 '00   to    6*47    equal  to    19  „ 

Also  when  the  size  of  the  Engines  is  increased  to  3  times,  the  gross 
weights  of  machinery  and  coal  together  are  increase. 

Increased  in  Class  1,  from    1*25    to   214   equal  to   71     per   cent. 
„         in  Class  2,  from    2*00   to    2*57    equal  to    28i 
,,         in  Class  3,  from   2*50    to    2-85   equal  to    14  „ 

and  are  Decrease. 

Decreased  in  Class  4,  from    5 '00   to    4*28   equal  to    14    per   cent. 
„         in  Class  5,  from    8-00   to    5-99    equal  to    25  ,, 

*  It  has  not  been  considered  necessary  to  include  moru  tliiin  the  5  classes  of  vessels  in  the 
foregoing  Tables,  althouv:h  many  other  classes  exist,  in  whicli  the  picportionate  cost  of  coal  and 
niacliinery  vary  from  the  amounts  given.  In  order,  however,  to  .iscertain  what  advantage* 
would  be  gained  by  the  Hubstitutiou  of  larger  engines  iu  any  specific  case,  it  will  only  be  neces. 
s;iry  to  substitute  the  correct  amounts  in  place  of  those  given  above. 
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TABLE  XV. 


Table  slioioing  the  proportionate  Weights  of  Machinery  and  Coal,  and 
Joint  Weights  of  same,  when  the  Size  or  nominal  Horse-Power  of 
Engines  is  varied,  (indicated  Horse-Poicer  supposed  the  same  in  all 
cases  respectively.) 


Class. 

Ratios 
.                  ofNo- 
Service.            minal 
Horse- 
Power. 

*  R;itios  of  j 
weight  of 

machinery 
correspond'g 
to  increase  of 
nominal  h.p. 

Ratios  of 
sveightofcoal 
correspond'g 
;o  increase  of 

nominal 
lorse-power. 

Ratios  of 

total 
weights. 

Ratios  of 
time  the  coal 
would  last  if 

the  total 
wts.  be  kept 

the  same. 

Ratio 

in 
Days. 

2i 

1 

2 

River. 

1 
2 
3 

1-00 
1-25 
1-50 
1-75 
2-00 

•25 
•20 
•18 
•16 
•14 

1^25 
1-45 
1-68 
1-91 
2-14 

1 

Coasting  and 
Continental. 

1 

2 

3 

1-eo 

1-25 
1-50 
1-75 
2-00 

VOO 
•81 
•71 
•63 
•57 

2-00 
2-06 
2-21 
2-38 
2^57 

1-00 
•92 
•70 
•39 
•00 

10 
9 
7 
4 
0 

3 

Ocean   (Short 
voyages)  and  go- 
vernment. 

1 

n 
2 

2^ 
3 

1-60 
1-25 
1-50 
1-75 
2-00 

1^50 

1-21 

1-06 

•94 

•85 

2-50 
2^46 
2-56 
2-69 
2-85 

roo 

]-03 
•94 
•80 
•59 

15 
15^ 
14 
12 
9 

4 

Ocean    (Long 
voyages)      Aus- 
tralian. 

1 
2 
3 

1-00 
1-25 
1-50 
1-75 
2-00 

4-00 
3-24 
2-84 
2-52 
2^28 

5-00 
4-49 
4-34 
4^27 
4-28 

1^00 
1^15 
1^23 
1-29 
1-31 

40 

46 

49 

51i 

52i 

5 

Ocean  (voyages 
out  and  home),       ^2 
Eastern     Steam      2 
NavigationCom-     2^ 
pany.                        3 

1-00 
1-25 
1-50 
1-75 
2-00 

7-00 
5-67 
4-97 
4-41 
3-99 

8-00 
6-92 
6-47 
6-16 
5-99 

1-00 
1-19 
1-30 
1-41 
1^50 

70 
83 
91 
99 
105 

*  The  boilers  water,  wheels  or  screw,  are  supposed  the  same,  and  the  engines  alone  equal 
to  half  the  gross  weight  of  machinery. 
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The  last  columns  show  that  in  the  4th  Class,  where  the  weight 
of  coal  carried  is  equal  to  4  times  the  gross  weight  of  machinery, 
if  the  size  of  the  Engines  be  doubled,  the  same  gross  weight  being 
taken,  then  the  coals  will  last  9  days  longer — equal  to  22  per  cent, 
increase,  and  if  the  size  of  the  Engines  be  increased  to  3  times,  auc 
the  gross  weight  carried  be  kept  the  same — then  the  coal  will  lasl 
12^  days  longer — equal  to  31  per  cent,  increase. 

Also  in  the  5th  Class,  where  the  weight  of  coal  carried  is 
equal  to  7  times  the  gross  weight  of  machinery,  if  the  size  of  th( 
Engines  be  doubled,  the  gross  weight  being  kept  the  same,  then  th( 
coal  will  last  21  days  longer — equal  to  30  per  cent,  increase  ;  and  i: 
the  size  of  the  Engines  be  increased  to  3  times,  and  the  gross  weighi 
carried  be  kept  the  same,  then  the  coal  will  last  35  days  longei 
— equal  to  50  per  cent,  increase. 

The  last  part  of  the  subject  to  be  now  considered,  is  the  effect  whicl 
the  increase  in  the  size  of  the  Engines  has  upon  the  total  spaces  occu 
pied  by  machinery  and  coals  together.  Table  XVI.  gives  the  results 
where  the  size  increases  from  1  to  1|,  2,  2|,  and  3  times,  for  th( 
three  divisions  into  which  the  5  Classes  of  vessels,  before  spokei 
of,  are  reduced. 

In  Class  1  the  coals  occupy  a  space  equal  to  that  occupied  by  th( 
engines  alone  ;  in  Classes  2  and  3,  three  times ;  and  in  Classes  ' 
and  5,  jive  tinies  the  space  occupied  by  the  engines  alone. 

The  space  above  spoken  of  is  horizontal  space,  taken  at  th^ 
greatest  beam  of  the  vessels. 

The  general  results  are,  that  if  the  size  of  the  Engines  be  doubled 
then  the  total  space  occupied  by  Machinery  and  Coals  taken  togethe 
(the  Coals  lasting  the  same  time  in  all  cases) — 
In  Class  1,      ,       increases  from  400  to  4*21,  equal  to    5  per  cent. 
In  Classes  2  and  3,  decreases  from  G'OO  to  5*63,  equal  to    6        „ 
In  Classes  4  and  5,  decreases  from  8*00  to  7*05,  equal  to  12       „ 
Also,  if  the  size  of  the  Engines  be  increased  3  times,  then  the  tota 
space  occupied  by  Machinery  and  Coals  taken  together — 
In  Class  1,       .       increases  from  4*00  to  4*57,  equal  to  14  per  cent. 
In  Classes  2  and  3,  decreases  from  6 'GO  to  5*71,  equal  to    5        ,, 
In  Classes  4  and  5,  decreases  from  S'OO  to  G'85,  equal  to  15        ,, 
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TABLE  XVI. 

Table  sJioioing  the  Relative  Spaces  occupied  by  Engines,  Boilers,  and 
Passages,  and  Goals,  separately  and  together  ;  the  size  or  nominal 
Horse-poioer  increasing  from  \  to  3  ;  the  actual  or  indicated  horse- 
power remaining  the  same. 


Ratios 

Spaces 

Ratios 

of  Spaces 

occupied  by 

Ratios 

Ratios 

ot  Size 

occupied  by 

Boilers 

of  Spaces 

of 

Class. 

Service. 

or  nominal 

Engines 

and  Passages 

occupied  by 

Total 

Horse- 

alone. 

(Constant). 

Coals. 

Spaces. 

power. 

* 

*  » 

.*» 

1 

1-00 

2 

1-00 

4-00 

H 

1-25 

•2 

•81 

4-U6 

1 

River. 

2 

1-50 

2 

•71 

4^21 

n 

1-75 

2 

•63 

4-38 

3 

2-00 

2 

•57 

4-57 

0 

1 

1-00 

2 

3  00 

6-00 

Coasting  and 
Continental 

n 

125 

2 

2-43 

5^68 

and 

and  Ocean 

2 

1-50 

2 

2-13 

5-63 

•}, 

(Short  Voyages.) 

2^ 

1-75 

2 

1-89 

5-64 

3 

2-00 

2 

1-71 

5-71 

1 

1-00 

2 

5-00 

8-OC 

4 

Ocean  (Long 
Voyages)  and 

H 

1-25 

2 

4-05 

7^30 

and 

Eastern  Steam 

o 

1-50 

2 

3-55 

7-05 

5 

Navigation  Co.'s 
Vessels. 

2i 

1-75 

2 

3-15 

6-90 

3 

2-00 

2 

2-85 

6-85 

Table  XVII.  shows  how  the  cargo  space  is  diminished  or  increased 
under  the  three  suppositions,  that  the  Machinery  and  Coal  space  is 
e(pidl  to  the  cargo  space,  or  to  two-thirds,  or  to  one-half  the  cargo-space ; 
these  proportions  embracing  the  ordinary  limits. 

*  Tlie  actu:il  horizontal  space  occupied  by  Engines  may  be  taken  generally  at  3/4  square 
foot  per  nomin;il  horse-power. 

■*  *  Tiie  actual  space  occupied  by  Boilers  may  be  taken  at  1  square  foot  per  nominal  horse- 
power, and  Passages  at  1/2  square  foot. 

**  *  The  space  occupied  by  the  Coals  varies,  —  Class  1,  3/4  square  foot;  Classes  2  and  8, 
1\  .square  feet ;  and  Classes  4  and  5,  3|  square  feet  per  nominal  horse- power. 

R  vtios, — Engines,  1  ;  Boilers  and  Passages,  2  ;  Coals,  1,  3,  and  5  respectively. 
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TABLE  XYII. 

Table  slwwing  the  per-centage  of  loss  or  gain  in  Cargo  Space,  and  tht 
per-centage  of  Saving  in  quantity  of  Coals  required^  when  the  siz* 
or  nominal  horse-power  of  the  Engines  is  increased,  the  indicates 
horse-power  being  the  same. 


Ratios  of 
Total  Spaces 
occupied  by- 
Machinery 
and  Coals 
(from  fore- 
going 
Table). 

The  same 
Ratios, 

but  showing 
the  per- 
centage of 

increase  or 
decrease. 

Per-Centages  in  which  the  Cargo 
Space  is  diminished  or  increased.         1 

Ratios 

of  Coals 

consumed 

in  the  same 

time,  and 

developing 

the  s^ime 

power. 

1st. 

When  the 

total 

Mac)iinery 

and  Coal 

space  is  equal 

to  the  total 

Cargo  Space. 

2nd. 

When  the 

total 

Machinery 

and  Coal 

space  is  2/3 

of  the  total 

Ciirgo  Space. 

3rd. 

When  the 

total 

Machinery 

and  Coal 

space  is  1/2 

of  the  total 

Cargo  Space. 

Per-centage 

of  Coal 

saved  by 

Expansive 

working. 

4-00        ;        100 
4-06               lOH 
4-21       i       105 
4-38       i       109 
4-57              114 

diminishes 
per  cent. 

n 

5 

9 

14 

diminishes 

per  cent. 

1 

3^ 
6 

H 

diminishes 
per  cent 
1 

2i 
7 

100 
81 
71 
63 
57 

per  cent. 

19 
29 
37 
43 

6-00 
5-68 
5-63 
5-64 
5-71 

100           increases 
1      per  cent. 
94       ;          6 

94       i          6 

94  6 

95  5 

increases 

per  cent. 

4 

4 

4 

H 

increases 

per  cent. 

3 

3 

3 

2i 

100 
81 
71 
63 

67 

percent 

19 
29 
37 
43 

8-00 
7-30 
7-05 
6-90 
6-85 

100 
91 
88 
86 
85 

increases 

per  cent. 

9 

12 

14 

15 

increases 

per  cent. 

6 

8 

H 
10 

increases 
per  cent. 

6 
7 

100 

81 

71 

63 

i        57 

percent 

19 
29 
37 
43 

If  the  engines  be  doubled  in  size,  then 
In    Class    1,   the  cargo  space  diminishes  5,  83  and  2^  per  cent 
In  Classes  2  and  3,    „  „       increases    6,  4    and  3         „ 

111  Classes  4  and  5,  „  „       increases  12,  8    and  6         „ 
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If  the  engines  be  increased  in  size  3  times,  then 
In    Class    1,  the  cargo  space  diminishes  14,  9_^,  and  7  per  cent. 
In  Classes  2  and  3,  ,,         ,,     increases       5,  31,  and  2i       „ 
In  Classes  4  and  5,  „  „     increases     15,  10,  and  7^       „ 

The  last  column  gives  the  per-centage  of  saving  in  coal. 

The  effects  of  increasing  the  size  or  nominal  horse-power  of  engines 
for  the  purpose  of  working  the  steam  more  expansively  have  now  been 
considered,  in  respect  both  to  the  increased  first  cost  of  macliinery, 
so  far  at  least  as  the  interest  on  the  increased  capital  is  concerned,  the 
saving  of  coal  in  per-centage  of  capital,  the  increase  of  weight  of  ma- 
chinery, and  the  saving  in  loeight  of  coal,  and  also  in  respect  to  the 
total  spaces  occupied  by  machinery  and  coal,  as  also  the  effect  of  the 
changes  on  the  cargo  space  in  per-centage  of  the  first  supposed  cargo 
space  ;  and  it  is  considered  that  the  results  are  such  as  are  not  generally 
known,  and  that  merchants  and  ship-owners  are  wholly  unaware  of  the 
advantages  of  working  steam  expansively,  even  should  they  be  compelled 
at  the  outset  to  pay  double  the  amount  now  usually  paid  for  engine 
power. 

It  would  appear  certain  that  if  no  alternative  existed  but  that  of 
increasing,  say  the  diameter  of  the  cylinders  of  marine  engines,  and 
thus  increasing  the  first  cost  in  about  the  proportion  of  1|-  times  for 
double  the  size,  and  2  times  for  3  times  the  size  (the  boilers,  wheels,  or 
screw  being  supposed  to  remain  the  same),  ample  reason  still  exists  for 
making  such  a  change  in  contracting  for  engines  intended  for  vessels 
carrying  a  large  proportion  of  coal ;  and  it  has  been  shown  that  if 
double  the  ordinary  amount  be  paid  for  the  machinery,  yet  9^^  per  cent, 
increase  may  be  paid  upon  the  capital  in  some  cases,  after  deducting 
for  the  extra  cost  of  engines,  by  the  economy  in  coal  alone. 

It  has  also  been  shown  that  notwithstanding  the  increased  size  of 
engines  (supposed  to  be  increased  3  times),  the  Australian  vessels  car- 
rying a  large  proportion  of  coal,  present  opportunities  of  gaining  15  per 
cent,  in  many  cases  in  cargo  room,  and  further,  that  about  14  per  cent, 
may  be  saved  in  the  gross  weights  carried,  taking  machinery  and  coals 
together  ;  or  that  so  much  more  additional  coal  could  be  taken  for  a 
longer  voyage  without  re-coaling. 
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In  the  foregoing  tables,  the  size  or  nominal  horse  power  of  engines, 
has  been  supposed  to  be  increased  3  times,  as  a  limit,  but  no  advantage 
has  been  named  as  resulting  from  the  diminished  cost  of  the  boilers, 
since,  less  steam  being  required  to  dcvelope  the  same  power,  smaller 
boilers  would  suffice.  Considerable  advantage,  however,  would  follow 
from  this  reduction ;  or  advantages  might  be  shown,  in  decrease  of 
weight  and  space  in  the  boilers ;  but  it  has  been  considered  best  not  to 
encumber  the  calculations  with  so  many  considerations. 

The  gain  in  cargo  space  is  altogether  an  additional  saving  to  that 
already  named  as  resulting  from  economy  in  quantity  of  coal,  but  this 
source  of  profit  has  only  been  shown  in  a  per-centage  of  increase  of 
cargo  space,  and  no  money  value  can  be  set  upon  it,  as  it  varies  so 
much  with  the  nature  of  the  trade  and  freight  obtained. 

The  following  Table  XYIII.  presents  a  general  summary  of  what 
has  been  before  stated,  and  it  will  be  seen  from  this  Table,  that 
until  the  quantity  of  coals  taken  in  proportion  to  weight  of  ma- 
chinery at  least  equals  1\  times,  as  in  Class  3,  or  rather  until 
it  equals  2  times  the  gross  weight  of  machinery,  no  change 
could  be  advantageously  made  by  increasing  the  nominal  horse- 
power or  size  of  the  engines ;  inasmuch  as  (on  the  conditions 
assumed)  the  weight  of  the  machinery  increases  more  rapidly  than 
the  weight  of  the  coal  diminishes. 

In  Classes  4  and  5,  however,  an  increase  in  the  weight  of  the 
engines  is  soon  covered  by  the  reduction  in  weight  of  coal  required. 

The  increase  in  the  weight  of  engines  would  be  found  to  be 
about  balanced  by  the  decrease  in  weight  of  coal  required,  if  the 
quantity  of  coal  taken  was  equal  to  double  the  gross  weight  of 
macliinery ;  the  boilers  being  supposed  to  remain  the  same.  In 
those  calculations  it  must  be  remembered  that  the  boilers  are  sup- 
posed to  remain  the  same,  and  the  weight  of  the  engines  alone, 
are  supposed  to  increase  in  the  ratio  of  \\  times  the  weight  for 
double  the  size  or  nominal  horse-power,  and  2  times  the  weight 
for  3  times  the  size  or  nominal  horse-power. 
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The   importance  of    gain  in    cargo-space    may  be  thus    estimated, 
(taking  the  Australian  vessels  as  an  instance)  : — 

Supposed  capital  of  company £100     0     0 

Working  expenses  supposed  at  65  per  cent. 

with  the  coals  25  per  cent 65     0     0 

To  pay  5  per  cent,  the  receipts  must  be 70     0     0 

"With  engines  increased  to  3  times  size — 

The  capital  increased  to ,£130     0     0 

"Working  expenses  reduced  by  saving  of  43  per 

cent,  off  coals  at  25  per  cent 54     5     0 

To  pay  5  per  cent,  the  receipts  need  only  be 

(£54  5  Ox£6  10  0) 60  15     0 

But  the  receipts  on  former  supposition  are  £70,  showing  an  addition  of 
7  per  cent,  on  the  increased  capital,  or  9^  per  cent,  on  the  original  sup- 
posed capital. 

To  this  add  from  7|  to  15,  say  10  per  cent,  on  receipts,  extra  cargo 
space,  equal  to  £7. 

This  gives  total  receipts £77     0     0 

"Working  expenses 54     5     0 


Balance  for  dividend   £22  15     0 


This  on  £130  equals  17|  per  cent. 

It  can  be  shown  also  that  with  improved  viachinery,  comparatively 
no  extra  capital  would  be  needed,  and  that  no  additional  space  would 
be  required  in  engine  room,  so  that  a  saving  of  43  per  cent,  in  coal 
would  "ive  lOf  per  cent,  on  capital  in  the  case  of  Australian  vessels, 
and  add  besides  from  13^  per  cent,  to  27  per  cent., — say  18  per  cent, 
to  the  cargo  space,  and  consequently  to  the  receipts — 

Thus  capital     £100     0     0 

Working  expenses  reduced  to 54     5     0 

Receipts  as  before,  £70,  to  which  add  18  per  cent. 
=  £12  12  0  for  extra  cargo-space,  making  total 
receipts    82  12     0 

Leaving  for  dividend     £28     7     0 

In  the  foregoing  paper  the  object  of  the  Author  has  been  merely 
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to  collect  a  few  particulars  of  the  different  classes  of  vessels,  and  to  give 
a  rough  approximation  to  the  effects  which  would  be  produced  by  a 
certain  saving  in  fuel,  even  did  no  alternative  exist  but  that  of  increas- 
ing the  size  and  weight  of  the  engines. 

There  does  not  appear  to  be  much  doubt  about  a  saving  in  fuel, 
even  of  40  j^er  cent,  being  made  by  expansive  icorTcing,  considering  what 
is  now  the  general  average  consumption. 

If  the  present  ordinary  consumption  be  taken  at  4|  lbs.  of  coal  per 
indicated  horse-power,  a  saving  of  40  per  cent,  would  reduce  it  to  2|  lbs. 
per  horse-power,  and  this  quantity  will  appear  ample,  when  it  is  con- 
sidered that  many  land  engines  are  working  with  2\  lbs.  per  indicated 
horse-power. 

The  pressure  of  steam  assumed  in  the  foregoing  calcidations  of  the 
saving  of  coal,  where  different  sized  engines  are  employed,  has  been 
only  20  lbs.  above  the  atmosphere.  A  very  much  larger  saving  would 
however  result,  if  steam  of  a  higher  pressure  were  used.  The  prin- 
ciple upon  which  the  engines  are  supposed  to  be  altered,  is  that  of 
increasing  the  diameter  of  an  ordinary  cylinder,  presuming  the  stroke 
to  remain  the  same. 

As  the  interests  of  Marine  Engineers  and  Steam  Ship  Builders 
must,  in  the  long  run,  be  identical  with  those  of  the  merchants  or 
companies  employing  them,  it  is  clearly  of  the  utmost  importance  to 
endeavour  by  every  means  to  economize  fuel.  Little,  however,  can  be 
hoped  for  so  long  as  the  merchant  determinately  refuses  to  pay  for 
that  economy  in  some  shape  or  other.  It  is  not  to  be  expected  that 
engineers  will  supply  larger  engines  than  custom  necessitates,  and  for 
which  they  obtain  no  additional  payment ;  nor  will  they  exercise  their 
talents  to  economize  in  that  direction  which  appears  least  appreciated. 

Considerable  competition  has  for  a  long  time  existed  amongst 
engineers  for  the  purpose  of  reducing  the  space  occupied  by  engines, 
but  this^has  been  done  without  reference  to  the  question  of  economy  in 
total  space  of  machinery  and  coal,  or  without  reference  to  economy  in 
consumption  of  fuel. 

This  competition  has  been,  nevertheless,  productive  of  much  good, 
as  reduction  in  weight  and  space  occupied  by  engines  is  of  the  utmost 
importance,  other  things  remaining  the  same. 
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It  is  believed,  however,  that  when  the  subject  is  better  understood 
by  merchants  than  it  appears  to  be  at  the  present  time,  they  will  no 
longer  refuse  to  purchase  the  economy  when  offered  to  them. 

"Were  the  Government  now  to  throw  open  a  contract,  where 
economy  in  fuel  was  the  object  sought,  in  the  same  manner  as  they  did 
some  years  ago,  when  economy  in  space  and  'weight  were  the  objects,  we 
might  look  for  the  same  or  greater  benefits  than  then  resulted  from  so 
advisable  a  plan. 

The  author  has  now  to  show  in  what  manner  he  believes  nearly 
all  the  advantages  enumerated  in  the  foregoing  Tables  can  be  ob- 
tained, by  a  peculiarly  constructed  Engine  of  his  invention,  adapted 
for  the  ea^ansive  use  of  steam,  without  those  disadvantages  which  have 
doubtless  prevented  the  more  general  adoption  of  the  principle  of 
expansion  in  Marine  Engines,  viz.,  the  increased  size,  weight,  and 
cost  of  the  Engines. 

The  degree  of  expansion  to  which  it  is  necessary  to  work,  in 
order  to  obtain  great  economy,  would  seem  to  require  an  arrange- 
ment of  Engine  different  from  the  ordinary  one ;  inasmuch  as  the 
great  variation  of  pressure  from  the  beginning  to  the  end  of  the 
stroke  would  cause  considerable  irregularity  in  the  working  of  an 
engine  where  no  fly  wheel  can  be  employed.  Added  to  this  objec- 
tion, there  is  also  another  of  equal  importance — the  necessity  of 
making  all  parts  of  the  engine,  (where  a  single  cylinder  of  large 
capacity  is  used  for  expansive  working,)  strong  enough  to  resist  the 
greatest  strain  to  which  they  are  subject,  namely,  that  at  the  com- 
mencement of  the  stroke ;  the  weight  and  cost  of  engine  rising  also  in 
a  corresponding  degree  with  its  strengtli.  In  order,  therefore,  to 
overcome  these  objections,  and  adapt  it  for  marine  purposes,  '  it 
seems  necessary  that  an  engine  should  be  arranged  on  the  following 
principles  : — 

1st.  That  the  steam  on  its  first  entrance  should  act  upon  a  com- 
paratively small  area. 

2nd.  That  it  should  finally  expand  to  a  considerable  extent,  the 
limit  being  determined  by  the  friction  of  the  machinery  and  the 
pressure  of  uncondensed  vapour  in  the  condenser. 
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3rd.  That  the  variation  in  total  pressure  from  the  beginning 
to  the  end  of  the  stroke  should  be  as  small  as  possible  for  any  given 
expansion. 

4th.  That  the  work  done  by  the  in  and  out  strokes,  (i.e.,  of  a 
horizontal  screw  engine,)  should  be  equal,  or  as  nearly  so  as  possible. 

5th.  That  the  horizontal  or  floor  space  occupied  should  be  as 
small  as  possible — the  height  not  being  of  great  importance  if 
within,  say  6  or  8  feet. 

6th.  That  the  strain  upon  all  parts  of  the  engine  should  be  as 
nearly  uniform  as  possible,  and  not  concentrated  at  any  portion  of 
the  stroke. 

7th.  That  the  steam  from  its  entrance  to  its  exit  should  work 
against  a  vacuum  if  possible. 

The  arrangements  shown  in  Plates  15,  16,  and  17,  meet  to  a  con- 
siderable extent  the  above  conditions.  They  are  all  upon  the  double 
expansive  principle,  and  therefore  may  be  said  to  work  with  both 
high  and  low  pressure  steam. 

Figs.  1  and  2,  Plates  15  and  16,  show  an  arrangement  in  which 
the  high  pressure  steam  enters  in  the  upper  part  of  the  cylinder,  and 
presses  upon  the  annular  space  AA  round  the  trunk — this  being  com- 
paratively a  small  surface — it  is  cut  off  at  \  or  ^  of  the  stroke,  accord- 
ing to  circumstances,  and  then  is  passed  to  the  lower  end  B  of  the 
cylinder,  in  which  it  is  expanded  to  the  extent  required — this  being  in 
the  ratio  of  the  annular  space  to  the  whole  area  of  cylinder.  During 
the  time  the  high  pressure  steam  is  acting  on  the  annular  space  AA, 
the  lower  part  B  of  the  same  cylinder  is  open  to  the  condenser  C,  and 
while  the  steam  is  expanding  in  the  lower  part  of  the  cylinder,  on  an 
area  equal  to  that  of  the  trunk  D,  a  vacuum  is  maintained  in  the  bottom 
of  the  opposite  cylinder  F,  and  so  admits  of  the  greatest  degree  of  ex- 
pansion. The  trunks  D,  E  of  the  two  opposite  cylinders  being  firmly 
connected  together  by  the  rods  HH,  causes  the  pistons  of  both 
cylinders  to  move  simultaneously,  and  the  gross  power  exerted  in 
each  direction  is  made  up  of  the  pressure  of  the  high-pressure  steam 
in  one  cylinder,  and  the  expanding  steam  in  the  other  or  opposite 
cylinder.  The  trunks  are  for  the  purpose  of  shortening  up  the  en- 
gines as  much  as  possible. 
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The  main  features  in  this  arrangement  are  first,  that  the  atmos- 
pheric pressure  on  the  outer  end  of  the  trunk  is  counterbalanced, 
which  if  not  done  would  prevent  the  steam  being  worked  so  expan- 
sively, as  the  pressure  of  the  atmosphere  on  the  trunk  would  be 
added  to  the  pressure  of  the  high-pressure  steam  which  is  not  re- 
quired, and  would  have  to  be  balanced  by  the  expanding  steam, 
which  (in  order  to  maintain  an  effective  moving  power)  could  not 
then  be  expanded  to  the  same  extent ;  and  secondly,  that  the  high 
pressure  steam  acts  only  upon  a  comparatively  small  area. 

Fig.  3,  Plate  17,  shows  an  arrangement,  by  which  an  objection  to 
a  large  trunk  could  be  overcome.  This  plan  is  much  the  same  as 
Sim's  arrangement,  only  having  a  trunk  D  attached  to  the  pistons  for 
economizing  space,  a  vacuum  is  here  maintained  constantly  in  the 
space  GG  between  the  two  pistons ;  the  high-pressure  steam  acting 
on  the  bottom  of  the  small  piston  at  A,  and  afterwards  expanding  in 
the  annular  space  BB.  The  trunks  D  E  being  small  in  this  case,  the 
same  necessity  would  not  exist  for  combining  opposite  trunks  together, 
though  in  the  event  of  the  power  being  large  and  4  cylinders  em- 
ployed, an  evident  advantage  would  follow. 

Fig  4,  Plate  17,  shows  an  arrangement  by  which  an  engine,  on 
the  above  plan,  could  be  made  double-acting,  that  is,  having  high- 
pressure  steam  admitted  on  both  sides  of  the  small  piston  at  A  and 
EE  alternately,  and  using  both  sides  of  the  large  piston  BB  and 
GG  alternately  for  expansion.  This  is  done  in  the  way  shown — ■ 
the  cylinders  being  distinct,  and  the  trunk  D  being  encased  as 
it  were  by  a  tube  through  the  large  cylinder — thus  avoiding 
any  internal  stuffing-box.  In  this  arrangement  the  large  piston  is 
an  annular  one,  and  the  junction  between  the  two  pistons  is  made 
externally  by  two  or  more  piston-rods  FF  being  attached  to  the  large 
piston  and  to  the  trunk. 

There  are  several  other  forms  in  which  the  same  principles  may 
be  carried  out. 

In  Fig.  1,  where  only  two  cylinders  are  required,  the  atmos- 
pheric pressure  on  the  trunk  may  be  counterbalanced  by  an  opposite 
pidou  or  trunk  working  in  a  fixed  cylinder  or  condenser  having  a 
vacuum  maintained  in  it. 
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The  modifications  would   all   depend    upon    the    particular  objects 
sought,  and  the  conditions  to  be  fulfilled  in  each  case. 


The  Chairman  observed  that  the  subject  of  the  further  develop- 
ment of  the  expansive  principle,  in  the  diff'erent  forms  of  steam- 
engines,  had  become  one  of  great  practical  importance,  and  had  been 
at  present  only  very  partially  carried  out ;  they  were  most  probably 
only  on  the  threshold  of  extensive  improvements  in  the  steam- 
engine,  and  particularly  in  the  application  of  the  expansive  principle, 
combined  with  higher  pressures  than  had  been  hitherto  generally 
used.  The  degree  of  expansion  of  the  steam  was  seldom  carried 
at  present  beyond  about  three  times,  but  he  thought  it  might  be 
carried  up  before  long  to  ten  times,  or  even  higher,  the  important 
economy  of  which  had  been  so  ably  shown  in  the  paper  read  by  Mr. 
Allen.  To  carry  this  out  thoroughly,  so  as  to  obtain  the  full  com- 
mercial benefit  of  the  economy  that  was  practicable,  a  considerably 
higher  pressure  of  steam  in  the  boilers  would  be  requisite  than  was 
at  present  generally  made  use  of ;  the  pressure  in  the  marine  and 
land  condensing  engines  had  been  already  increased  very  generally 
from  the  old  limit  of  6  or  7  lbs.  above  the  atmosphere,  to  about 
20  lbs.  per  square  inch ;  and  in  the  Cornish  engines  to  40  or  45  lbs. ; 
but  it  did  not  appear  impossible  that  this  might  be  ultimately  in- 
creased even  to  100  or  120  lbs.,  as  was  constantly  used  in  locomotive 
engines. 

Mr.  Allen  said,  that  in  the  calculations  in  his  paper,  he  had 
assumed  an  increase  of  pressure  over  the  present  general  practice, 
but  to  be  within  safe  limits  in  reference  to  the  present  construction 
of  marine  boilers,  he  had  not  taken  a  higher  pressure  than  20 
lbs.  as  the  basis  of  his  calculations.  A  considerably  higher 
proportion  of  economy  would,  however,  be  obtained,  if  higher  pres- 
sures were  made  practicable  by  employing  boilers  constructed  on 
different  principles  from  those  ordinarily  used  for  condensing 
engines. 

Mr.  Wills  remarked,  that    there  appeared  to  him  an  omission  in 
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one  part  of  the  argument  as  stated  in  the  paper,  in  not  calculating 
a  provision  for  paying  back  the  excess  of  capital  required  for  furnish- 
ing the  larger  sized  engines  proposed  to  be  introduced,  to  allow  of 
the  expansion  being  carried  out  to  the  additional  extent  proposed. 
The  interest  for  this  extra  capital  had  been  included  in  the  calcula- 
tion, but  he  thought  in  order  to  make  a  complete  commercial  com- 
parison, an  additional  annual  amount  should  be  set  apart  for  paying 
off  the  extra  capital  itself,  within  the  period  of  the  lifetime  of  the 
engines,  as  their  durability  could  not  be  considered  as  increased  by 
their  being  enlarged.  He  thought  this  consideration  might  partly 
account  for  the  want  of  attention  on  the  part  of  steam-boat  com- 
panies to  the  application  of  the  principle  of  expansion. 

Mr.  Allen  said  that  item  had  not  been  taken  into  account  in  the 
calculation,  but  on  the  other  hand,  the  advantage  had  not  been 
taken  credit  for  that  could  be  obtained  by  the  reduction  practicable 
in  the  boilers  from  the  large  saving  in  steam,  leading  to  a  saving 
in  first  cost,  and  cost  of  repairs,  as  well  as  increase  in  cargo  space. 
These  advantages,  he  thought,  would  considerably  outweigh  the  other 
question  of  original  cost  of  engines;  and  in  reference  to  their  dura- 
bility, he  believed  it  was  generally  experienced  that  large  engines 
were  better  to  keep  up  than  small  ones,  and  a  lower  per-centage  on 
the  capital  was  required  for  the  purpose. 

The  Chairman  inquired  whether  any  engines  had  been  tried  on 
the  new  plans  that  had  been  described  in  the  paper  ? 

Mr.  Allen  replied,  that  none  of  them  had  been  constructed  at 
present,  as  he  had  only  recently  brought  out  the  plans. 

The  Chairman  observed,  that  for  employing  a  much  higher  pres- 
sure of  steam,  a  considerable  alteration  in  the  present  boilers  would 
jirobably  be  required,  in  order  to  obtain  the  requisite  strength; 
particularly  in  the  marine  boilers,  in  which  there  was  at  present  so 
large  an  extent  of  flat  surface.  An  extensive  series  of  experiments 
was  now  making,  he  understood,  by  the  Admiralty,  on  working 
steam-vessels,  with  increased  pressures,  which  would  probably  afford 
important  results. 

I^Ir.  Allen  said,  tliat  the  present  limit  of  pressure  was  probably 
a>x)ut   30   lbs.    in   steamers,    on   account   of    the   practical   difficulties 
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that  were  experienced  in  the  construction  of  boilers  of  sufticient 
capacity  for  very  large  engines,  and  with  the  compactness  requisite 
for  the  situation  of  marine  boilers,  and  at  the  same  time  suitable 
for  very  high  pressures.  The  principle  of  boiler  adopted  in  loco- 
motive engines,  the  only  one  in  extensive  practical  use  for  such 
pressures,  being  unsuitable  in  the  other  respects. 

Mr.  Jackson  thought  the  extension  of  the  expansive  principle  in 
steam-vessels  would  be  an  important  advantage,  as  marine  engines 
were  undoubtedly  much  behind  others  in  that  respect ;  it  would 
probably  be  carried  out  more  extensively  by  private  companies,  as 
they  were  generally  less  limited  in  the  pressure  of  the  steam  than 
in  the  Government  vessels,  and  it  would  be  particularly  applicable 
to  them,  as  their  commercial  success  was  dependant  on  their  cargo- 
space,  so  large  a  proportion  of  which  was  at  present  lost  by  the 
room  occupied  by  the  coals  requisite  with  the  present  imperfect 
construction  of  engines. 

Mr.  Miller  inquired  whether  there  was  any  law  preventing 
high-pressure  steam  being  used,  or  limiting  the  pressure  in  steam 
vessels  1 

The  Chairman  said  there  Avas  no  legal  restriction  in  this  country ; 
it  was  only  on  the  Continent,  he  believed,  that  a  limit  was  fixed  for 
the  pressure  allowed  in  working  boilers.  In  the  Government 
steamers  the  boiler  pressure  was  limited  for  a  long  time  to  10  lbs., 
but  a  great  advance  had  now  been  made,  and  in  the  new  gnn-boats 
high-pressure  non-condensing  engines  had  been  introduced  working 
at  60  lbs.  per  inch,  which  would  probably  be  followed  up  by  very 
important  alterations  and  improvements  in  marine  engines. 

Mr.  Allen  observed  that  in  the  expenses  of  working  steam 
vessels  the  cost  of  coal  bore  such  a  large  proportion  to  the  other 
expenses,  forming  the  largest  item  of  the  whole,  that  the  question 
of  economy  mainly  rested  on  diminution  in  the  consumption  of  fuel ; 
and  they  could  afford  a  considerable  loss  in  the  weight  and  cost  of 
the  engines,  in  consequence  of  the  greater  ratio  of  gain  in  the  cargo- 
space  from  the  reduction  in  the  quantity  of  coal  required,  and  the 
saving  in  cost  of  coal.  The  question  of  relative  increase  in  cargo- 
space  was  one  of  great  commercial  importance,  as  the  loss  at  present 
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from  the  large  space  in  the  vessel  required  for  coals  was  very  serious; 
a  saving  in  capital,  at  the  expense  of  cargo-space,  would  be  a  loss  on 
the  whole ;  whilst  even  at  an  original  sacrifice  of  capital  from  the 
greater  proportionate  increase  of  cargo-space,  a  larger  ratio  would 
be  gained  of  returns  for  profits.  In  tlie  tables  given  in  the  paper, 
the  calculations  had  been  made  at  the  moderate  pressure  of  20  lbs. 
per  inch,  with  cylinders  enlarged  3  times  in  size,  and  cutting  off  the 
steam  at  |th  of  the  stroke ;  with  a  higher  pressure  of  steam  the 
expansion  could  be  carried  to  a  greater  extent,  and  still  further 
economy  obtained. 

The  Chairman  observed  that  the  subject  was  one  of  great  prac- 
tical importance,  and  the  valuable  and  extensive  calculations  in  Mr. 
Allen's  paper  threw  great  light  on  the  commercial  advantages  and 
practicability  of  extending  the  application  of  the  expansion  prin- 
ciple. He  suggested  that  the  discussion  be  renewed  at  the  next 
meeting,  and  hoped  that  ^Ir.  Allen  would  be  able  to  bring  forward, 
on  that  occasion,  further  extended  calculations,  carrying  out  the 
same  investigation  with  higher  pressures  of  steam,  from  20  lbs.  up 
to  perhaps  100  lbs.  per  inch.  He  proposed  a  vote  of  thanks  to  Mr. 
Allen  for  his  paper,  which  was  passed,  and  the  discussion  was 
adjourned. 

The  meeting  then  terminated. 


After  the   meeting   Mr.    Gray,  of   Birmingham,  exhibited    several 
specimens  of  a  new  construction  of  pressure-gauge. 
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PROCEEDINGS. 


July  25,  1855. 


The  General  Meeting  of  the  Members  was  held  at  the  house  of 
the  Institution,  Newhall  Street,  Birmingham,  on  Wednesday,  25th  July, 
1855 ;  J.  E.  Mc  Connell,  Esq.,  Vice-President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  by  the  Secre- 
tary, and  were  confirmed. 

The  Chairman  announced  that  the  BaUot-Papers  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  new 
Members  were  duly  elected : — 

MEMBERS. 

John  Brown,  Derby. 
Parkin  Jeffcock,  Derby. 
Thomas  Stmes  Prideaux,  London, 
"William  Stenson,  Ashbj'-de-la-Zouch. 

HONORARY    MEMBER. 

William  Eidout  Wills,  Birmingham. 


The  following  Paper,  by  Mr.  Edward  E.  Allen,  of  London,  was  then 
read :  — 

ON  THE  COMMERCIAL  ECONOMY  OF  WORKING  STEAM 
EXPANSRTELY  IN  MARINE  ENGINES. 

In  the  paper  read  at  the  last  meeting  (see  Proceedings  Inst.  M,  E., 
April,  1855)  the  author  endeavoured  to  trace  out  the  effects  which 
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would  result  from  ■working  steam  more  expansively  than  is  usual  in 
Marine  Engines.  These  effects  were  considered  with  respect  to  the 
increased  weight  of  the  engines,  and  space  occupied  by  them,  and  the 
increased  capital  required ;  and  also  with  respect  to  the  saving  in 
weight  and  cost  of  coals,  and  increase  of  cargo  space  occasioned  by 
a  less  quantity  of  coals  being  used  for  any  given  voyage. 

The  various  calculations  were  based  on  the  supposition,  that  the 
usual  practice  is  to  cut  off  the  steam  at  fths  of  the  stroke  ;  and  the 
cylinders  were  supposed  to  be  increased  in  capacity  to  1^,  2,  2^,  and  3 
times  successively,  in  order  to  effect  greater  expansion. 

By  doubling  the  capacity  of  the  cylinders,  it  would  be  found  that 
the  steam  must  be  cut  off  at  about  ;|th  of  the  stroke ;  and  by  increasing 
them  to  3  times,  it  must  be  cut  off  at  about  ith  of  the  stroke,  in  order 
that  the  actual  power  developed  may  in  all  cases  be  the  same,  and 
the  economy  would  arise  simply  from  the  steam  being  more  ex- 
panded in  the  larger  cylinders  proposed  to  be  substituted  for  those 
ordinarily  in  use.  The  pressure  of  the  steam  was  supposed  the 
same  in  each  case  ;  and  the  quantity  of  coal,  presumed  to  be  used  by 
marine  engines,  was  based  on  the  supposition  that  steam  of  about 
20  lbs,  pressure  per  square  inch  above  the  atmosphere  was  employed. 

In  accordance  with  the  wish  expressed  at  the  last  meeting,  the 
author  now  proposes  to  consider  the  question  of  economy  arising 
under  different  circumstances,  namely,  an  increase  in  the  pressure  of 
the  steam  employed.  There  are  several  ways  in  which  economy  may 
be  obtained : — 1st,  by  working  steam  of  the  ordinary  pressure  more 
expansively  than  usual ;  this  being  the  mode  of  economizing  pointed 
out  in  the  paper  read  at  the  last  meeting :  2nd,  by  using  steam 
of  a  higher  pressure  and  expanding  to  the  same  extent,  or  in  the 
same  degree,  as  is  now  usually  the  case,  namely,  about  Ij  times,  or 
chitting  off  at  fths  of  the  stroke  :  and  3rd,  by  using  steam  of  a  higher 
pressure,  and  allowing  it  to  expand  much  more  than  is  now  usually 
the  case,  or  down  to  say  5  lbs.  per  square  inch  above  a  vacuum  as  a 
jtractical  limit. 

Thus  economy  would  arise  simply  from  using  steam  of  a  higher 
pressure,  but  still  greater  economy  would  result  from  allowing  such 
high-pressure  steam  to  exj)and  fully.       To  render  this  matter  clear, 
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it  will  be  necessary  to  refer  to  a  Table  given  in  the  paper  read  at  tlie 
last  meeting  : — 


Spaces  occupied  by  Steam     1 

3 

4           5      1      6 

7 

8 

9 

10 

Power  developed     ]     1 

1-7   1     2-1        2-4        2-6 

2-8 

3-0 

31 

3-2 

S-3 

The  quantity  of  steam  being  the  same  in  all  cases,  but  allowed 
to  expand  so  as  to  occupy  the  increased  spaces. 

In  this  Table  no  allowance  is  made  either  for  back  pressure,  or 
for  a  reduction  of  power  owing  to  a  reduction  of  temperature  while 
expanding,  which  if  taken  into  account  would  rather  reduce  the 
amounts  given.  With  this  exception,  however,  the  ratios  of  power 
gained  by  expansion,  as  shown  in  the  Table,  may  be  considered  as 
correct  for  all  pressures  of  steam,  or  in  other  words,  the  same  rela- 
tive advantage  would  follow  from  expanding  1  cubic  foot  of  steam 
into  3  cubic  feet,  whether  the  pressure  were  15  lbs,  or  120  lbs.  on  the 
square  inch,  the  gain  from  expansion  alone  being  in  the  ratio  of 
about  2  to  1. 

The  high-pressure  steam  would  however  be  more  economical  than 
the  low-pressure,  as  will  be  seen  from  the  following  Table  XIX., 
which  gives  the  power  developed,  and  the  volumes  of  steam  at  vari- 
ous pressures  formed  from  the  same  volume  of  water,  and  conse- 
quently from  the  combustion  of  the  same  quantity  of  fuel.  The 
fourth  column  gives  the  ratios  of  power  developed,  when  the  steam 
is  used  without  expansion,  a  back  pressure  of  2  lbs.  being  deducted. 
The  fifth  column  gives  the  ratios  of  power  developed  when  the 
steam  is  expanded  down  to  5  lbs.  per  square  inch  above  a  vacuum, 
and  a  back  pressure  of  2  lbs.  deducted ;  and  the  sixth  column  gives 
the  part  of  the  stroke  at  which  the  steam  must  be  cut  off,  so  as  to 
expand  down  to  5  lbs.  Column  7  gives  the  consumption  of  fuel 
required  to  develop  the  same  power,  ordinary  practice  being  taken 
at  100,  and  column  8  the  per-centage  saving  of  fuel,  deduced 
from  column  7.  The  last  column  gives  the  ratios  of  the  capacity  of 
cylinder  required  in  each  case,  to  develop  the  same  power  and  to 
allow  of  expansion  down  to  5  lbs.,  the  ratios  being  calculated  from 
the  size  of  cylinder  required  for  35  lbs.  steam  cut  off  at  |ths,  which 
is  taken  as  1. 


100 
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TABLE  XIX. 

Table  showing  tlie  Power  developed  and  the  Volume  of  Steam  at  different 
pressures,  produced  from  the  same  volume  of  water,  and  consequently 
vrith  the  same  consumption  of  fuel. 


Steam  Expanded  down  to  5  lbs. 

pressure, 

and  back  1 

Total 

Steam  not 
expanded 

pressure  of  2  lbs.  deducted. 

1 

pressure 
(includ- 
ing 
atmos- 
phere) 
in  lbs. 

per 
Rquiire 
iucl). 

2 

cS 

s 

"3 

> 

9 

O 

o 

s 

but  back 

pressure  of 

2  lbs. 

dediicted.  ; 

Ratio  of     I 
lower  deve- 
oped,   com- 
pared with 

ordinary 

practice. 

Ratio  of 

power  de-' 

veloped, 
compared 

with 

ordinary 

practice. 

* 

Part  of 

stroke  at 
which 
steam 

must  be  ! 

cut  off  to 

expand  to 
5  lbs. 

Consump- 
tion of  fuel 
for  the 
i^ame 
powei-,  in 
per  cent- 
age  of  or- 
dinary 
consump- 
tion. 

Per 

ccntage 
Saving 
of  fuel 
for  the 
same 
power. 

Capacity 

of 
cylinder 
required 
for  the 
same 
power. 

Per  Cent. 

Per  Cent 

15 

1669 

66 

1-24 

1-2  ^th 

80 

20 

3i 

20 

1281 

71 

1-46 

1-3-5 

68 

32 

3 

25 

1044 

74 

1-64 

1-4-3 

61 

39 

21 

30 

883 

76 

1-78 

1-5 

56 

44 

2i 

35 

767 

78 

1-91 

1-6 

52 

48 

2i 

40 

679 

80 

2  02 

1-6  6 

49 

51 

21 

50 

554 

82 

2-22 

1-8 

45 

55 

2 

60 

470 

83 

2-37 

1-10 

42 

58 

n 

70 

400 

•84 

2^50 

1-11 

40 

60 

li 

80 

353 

•85 

2-62 

1-126 

38 

62 

1} 

90 

316 

•86 

2-66 

1-14 

37 

63 

ij 

100 

287 

•87 

2-83 

1-15-6 

35 

66 

li 

110 

266 

•89 

2^91 

1-17 

34 

66 

U 

120 

250 

•92 

3  00 

1-18 

33 

67 

li 

*  Ordinary  practice  is  assumed  at  35  lbs.  total  pressure,  cut  off  at  Iths  of  the  stroke,  the 
power  developed  being  called  1. 

**  The  size  or  capacity  of  cylinder  in  ordinarj'  use,  i.e.,  for  35  lbs.  steam  cutoff  at  iths,  is 
taken  as  1. 

Allowance  is  made  in  this  Table  for  the  reduction  of  pressure 
arising  from  a  reduction  of  temperature  during  expansion,  and  the 
difference  this  makes  may  be  understood  by  seeing  from  the  Table 
that  steam  of  120  lbs.  pressure,  expanded  18  times  only,  reduces  the 
pressure  to  5  lbs.  per  square  inch ;  whereas  if  no  reduction  of  pres- 
sure took  place  from  a  reduction  of  temperature  during  expansion, 
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steam  of  120  lbs.  would  have  to  be  expanded  24  times  (instead  of  18  times 
as  above)  to  reduce  it  to  5  lbs.  pressure. 

The  Table  also  shows  how  the  ordinary  practice  may  be  im- 
proved upon;  for  example,  by  using  steam  of  120  lbs.  pressure  and 
cutting  off  at  l-18th  of  the  stroke,  in  which  case  3  times  the  power 
will  be  developed  from  the  same  combustion  of  fuel. 

As  the  final  pressure  is  here  supposed  to  be  5  lbs.  in  all  cases,  it 
follows  that  the  size  or  capacity  of  cylinder  required  is  in  all  cases 
the  same,  namely,  about  4500  times  the  bulk  of  water  evaporated.  In 
ordinary  practice,  the  capacity  of  cylinder  may  be  taken  at  about 
1000  times  the  bulk  of  water  evaporated ;  so  that  with  120  lbs.  steam, 
cut  off  at  1-1 8th  of  the  stroke,  although  3  times  the  power  is 
obtained  by  the  same  combustion  of  fuel,  yet  the  capacity  of  the 
cylinder  must  be  about  4|  times  that  required  for  steam  at  35  lbs. 
and  cut  off  at  |ths.  It  folloAvs  from  this,  that  the  same  power  would 
be  developed  in  a  cylinder  1|  times  the  ordinary  size. 

In  like  manner,  with  steam  of  50  lbs.  total  pressure  expanded  to 
5  lbs.  (2  lbs.  back  pressure  allowed,)  the  steam  would  require  to  be 
cut  off  at  about  ^th  of  the  stroke ;  and  in  order  to  develop  the  same 
power  as  in  ordinary  practice,  namely,  35  lbs.  cut  off  at  |ths, 
the  capacity  of  the  cylinder  must  be  just  doubled. 

The  amount  of  economy  obtained  by  using  steam  at  increased  pres- 
sures may  be  found  from  column  5.  For  instance,  steam  at  50  lbs. 
pressure  cut  off  at  |th  gives  2-22  times  the  power  obtained  in 
ordinary  practice,  (that  is,  with  35  lbs.  steam  cut  off  at  fths)  ;  and  in 
like  manner,  steam  of  120  lbs.  cut  off  at  1-1 8th,  gives  3  times  the 
power ;  so  that  the  same  power  is  obtained  by  the  combustion  of 
45  and  33  per  cent,  of  the  fuel,  or  in  other  words,  the  saving  in 
these  cases  is  about  55  and  67  per  cent,  respectively. 

In  comparing  this  economy,  due  to  the  use  of  high-pressure 
steam,  with  that  shown  in  the  former  paper  to  result  from  the  greater 
expansion  alone  of  steam  of  35  lbs.  total  pressure,  the  difference  is 
very  marked ;  for  in  the  latter  case,  increasing  the  size  of  cylinder 
to  1|  times,  the  economy  was  only  19  per  cent.,  whereas  Avith  the 
same  increase  in  size  of  cylinder  and  120  lbs.  steam,  the  saving  is  67 
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per  cent.,  or  S^  times  as  great.  Again,  doubling  the  size  of  cylinder 
with  35  lbs.  steam,  the  saving  was  29  per  cent.,  whereas  with  double 
the  size  of  cylinder  and  50  lbs.  steam,  the  saving  is  55  per  cent,  or 
nearly  double. 

It  would  occupy  too  much  space  to  pursue  the  investigation  so 
far  as  to  exhibit  at  full  length  the  economy  resulting  from  employing 
steam  of  increased  pressure  in  cylinders  of  the  increased  sizes  assumed 
in  the  previous  paper ;  but  the  cases  may  be  considered  in  which 
the  size  or  nominal  horse-power  of  the  engines  is  increased  to  1,  2, 
and  .3  times,  the  intermediate  sizes  being  omitted-  The  compara- 
tive results  are  s^iven  in  the  following  Table  XX. 


TABLE  XX. 

Table  showing  the  relative  economy  of  obtaining  the  same  power  bytising 
steam  of  increased  pressjire,  and  hy  increasing  the  size  or  nominal 
horse-jiower  of  the  engines  from  \  to  2  and  3  times,  (the  intermediate 
sizes  being  omitted.)     Back  pressure  allowed  of  3^  lbs. 


Total 

pressure 

of  steam 

in  lbs.  per! 

square 

inch. 

Ratio  of  Size  or  Nominal  Horse-power  of  Engines.                             1 

1 

2                       1 

3 

Cutoff 

at 

Final 
pressure 
in  lbs.  p. 
sq.  inch. 

Ratio  of 

Co.al 
consum. 

Cutoff 
at 

Final 
pressure 
in  lbs.  p. 
sq.inch. 

Ratio  of 

Coal 
consum. 

Cut  off 

at 

l-7th 

Final 
pressure 
in  lbs.  p. 
sq. inch. 

Ratio  of  ! 

Coal      1 

con-sumed. 

35 

3-4th 

25i 

100 

l-4th 

n 

66 

4J 

57 

40 

2-5 

UJ 

68 

1-6 

5} 

57 

1-10 

H 

51 

50 

1-3-3 

13i 

58 

1-8 

5 

48 

1-13 

3 

45 

60 

1-4 

13 

53 

1-9  5 

n 

45 

1-15 

3 

42 

70 

1-5 

12 

48 

1-12 

4} 

41 

1-18 

3 

39 

80 

l-(J-6 

10 

43 

1-15 

4i 

38 

._ 

- 

... 

90 

1-8 

n 

40 

1-18 

4 

36 

... 

- 

... 

100 

1-10 

8i 

38 

1-22 

31 

35 

no 

1-11 

8 

37 

1-24 

3t 

34 

.. 

120 

1-12 

7} 

35 

1-28 

Si 

32 

- 

... 

From  this  Table  it  appears  that  a  choice  may  frequently  be  made 
between  two  ways  of  employing  steam,  both  resulting  in  the  same 
economy,  so  far  as  the  consumption  of  coal  is  concerned.  For 
instance,  steam  at  50  lbs.  cut  off  at  ^'^ths,  and  steam  at  35  lbs.  cut 
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off  at  ith,  give  the  same  results  or  nearly  so;  but  the  low-pressure 
steam  requires  a  cylinder  of  3  times  the  capacity  of  the  other. 

Again,  steam  at  70  lbs.  cut  off  at  ith,  and  steam  at  50  lbs.  cut  off 
at  |th,  give  the  same  results ;  but  the  low-pressure  steam  requires 
a  cylinder  of  double  the  capacity  of  tlie  other. 

The  results  have  not  been  carried  out  in  the  third  series  of 
columns  for  pressures  above  70  lbs.,  as  the  final  pressures  fall 
too  far  below  the  assumed  back  pressure. 

The  consideration  of  the  subject  will  now  be  confined  to  the 
economy  that  would  be  effected,  by  using  steam  of  increased  ijressure 
in  a  cylinder  of  the  ordinary  size. 

The  following  Table  XXI.  has  been  compiled  in  order  to  show 
with  what  economy  steam  of  increased  pressure  can  be  expanded 
in  a  cylinder  of  the  ordinary  size  so  as  to  develop  the  same  power. 

The  pressures  begin  at  35  lbs.  cut  off  at  fths,  which  is  assumed 
as  the  ordinary  practice,  and  the  power  developed  under  these  con- 
ditions is  called  1.  Column  1  gives  the  total  pressures ;  column  2 
the  part  of  the  stroke  at  which  the  steam  must  be  cut  off  in  each 
case  to  develop  the  same  power ;  column  3  the  ratio  of  the  power 
developed  by  the  same  consumption  of  coal ;  column  4  the  relative 
quantities  of  coal  required  to  develop  the  same  power;  column  5 
the  per  centage  saving  of  coal ;  and  column  6  the  final  pressure  of 
the  steam  on  its  exit  from  the  cylinder. 

From  this  Table  it  will  be  seen  that  in  the  case  of  an  engine 
working  with  35  lbs.  steam  and  cutting  off  at  fths  of  the  stroke,  if 
it  be  required  to  increase  the  pressure  (in  order  to  economize)  to 
say  70  lbs.,  then  the  steam  must  be  cut  off  at  about  i  of  the  stroke, 
and  the  consumption  of  coal  will  be  only  48  per  cent,  of  the  quan- 
tity previously  consumed,  the  power  developed  remaining  the  same. 
So  also  if  the  pressure  be  increased  to  120  lbs.,  the  steam  must  be 
cut  off  at  about  j'gth  of  the  stroke,  and  the  consumption  will  be 
reduced  to  35  per  cent,  the  same  power  being  developed.  The  size 
of  the  cylinder  remains  the  same  in  all  cases. 

With  respect  to  the  weight  of  machinery,  it  will  not  make  much 
difference  to  what  pressure  the  steam  is  raised,  for  although  the 
weights  slightly  decrease  when  high  ju-essure  steam  is  used,  yet  the 
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difference  is  very  little  and  not  wortli   considering  in  the  present 
investisration. 


TABLE  XXI. 

Table  shoicing  the  economy  of  tcorlcing  steam  of  increased  pressure  in  a 
cylinder  of  the  ordinary  size. 


Total  pressure 

of  steam  in 

lbs.  per  square 

inch. 

Part  of  stroke 

at  wlucU  steam 

is  cut  off,  to 

develop  same 

power. 

Ratio  of  power 
developed  l.y 

same  consump- 
tion of  coal. 

Ratio  of  coal 

required  to 

develop  fame 

power. 

Saving  of  coal 

in  per-centage 

on  ordinary 

consumption. 

Final  pressure' 
of  oteam  on 
leaving  cylin- 
der, in  lbs.  per 
square  inch. 

35 

3-4th 

1-00 

10) 

Per  Cent. 

25J 

40 

2-5 

1-47 

68 

32 

14i 

50 

1-3-3 

1-72 

58 

42 

13J 

60 

1-4 

1-88 

53 

47 

13 

70 

1-5 

2  06 

48 

52 

12 

80 

1-6-6 

2 -28 

43 

57 

10 

90 

1-8 

2-44 

40 

6) 

n 

100 

1-10 

2-60 

38 

62 

8i 

110 

1-11 

2-70 

37 

63 

8 

120 

1-12 

2  80 

35 

65 

7J 

In  order  to  give  a  more  complete  view  of  the  difference  between 
the  economy  resulting  from  the  increased  expansion  of  ordinary 
steam,  and  that  arising  from  the  increase  of  pressure  of  the  steam 
itself,  the  two  following  series  of  Tables,  Xos.  XXII.  and  XXIII. , 
have  been  compiled. 

The  first  series  XXII.,  is  based  on  the  supposition  that  the  size 
of  the  engines  is  increased  to  li,  2,  2i,  and  3  times  for  expansive 
working,  but  that  from  improved  machinery,  and  reduction  in 
the  weight  of  boilers  (from  diminished  consumption  of  fuel), 
the  gross  weight  of  machinery  and  the  space  occupied  remain 
constant 

The  second  series  XXIIL,  is  based  on  the  supposition  that  the 
size  of  the  engines  remains  constant,  as  well  as  the  gross  weight  of 
machinery  and  the  space  occupied ;  but  that  the  pressure  increases 
from  :3r)  lbs.  to  60,  80,  100,  and  120  lb.-. 
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TABLE  XXII, —Section  A. 


Table  sJiotcing  the  Weights  of  macliinery  and  coal,  and  Joint  Weights 
of  same;  the  size  or  nominal  horse-potcer  increasing  from  1  to  3, 
the  indicated  horse-poioer  remaining  the  same. 


Class. 

Service. 

Ratio  of 
size  or 

nomind 
horse- 
power. 

Gross 

weight  of 
machinery 
constant. 

Ratio  of 
weight  of 
coal  corre- 
sponding to 
increased 
nominal 
horse-power 

Ratio  of 

total 
weights. 

Ratio  of 
time  the  coa' 
would  last, 

if  total 

weights  be 

kept  the 

same. 

Ratio 

in 
days. 

2i 

/ 

1 

•25 

1-25 

100 

IJ 

•20 

1-20 

1-23 

3 

1 

River -J 

2 

•18 

118 

1-40 

3i 

1 

^ 

■16 

116 

1-58 

4 

I 

3 

•14 

114 

1-75 

4i 

f 

Coasting  and  Con-  | 

tinental 1 

1 

100 

2  00 

1-00 

10 

2 

2 

2* 

■81 
•71 
■63 

ISl 
171 
1-63 

1^23 
1-40 
1-58 

12i 
14 
15  i 

I 

3 

•57 
1^50 

1-57 

175 

17i 

f 

1 

2^50 

100 

15 

Ocean,  (short  voy- 

IJ 

1-21 

2-21 

1^23 

m 

3 

ages,)  and  Go- 

2 

1-06 

2  06 

1-40 

21 

vemmeut 

2^ 

•94 

1-94 

1-58 

23} 

I 

3 

•85 

1-85 

1-75 

26i 

f 

1 

4  00 

5  00 

100 

40 

Ocean,  Gong  voy-  1 

1* 

3  24 

4-24 

123 

49i 

4 

1 
ages,)  Austra--^ 

2 

2  84 

3  84 

1-40 

56 

lian 

2^ 

2-52 

3-52 

1-58 

63i 

I 

3 

2-28 

3-28 

1-75 

70 

Ocean,  voyage  out  | 
and  home. 

1 

7  00 
5-67 

S^OO 
6^67 

100 
1-23 

70 
86 

5 

Eastern  Steam    ■{ 

2 

4-97 

5-97 

140 

98 

Navigation  Com-  1 

n 

4-41 

5-41 

1-58 

llOJ 

3 

3-99 

4-99 

175 

12-2J 

Weight  of  boilers  and  water  supposed  to  be  reduced,  and  weight  of 
in  higher  ratio. 


engines  not  increased 
O 
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In  both  series  of  Tables,  XXII.  and  XXIIL, 
Sections  A  refer  to  the  total  Weights. 
Sections  B         ,,  „         Spaces. 

Sections  C         ,,  „         Cargo  Space. 

Sections  D  give  a  summary  of  the  preceding  sections. 

TABLE  XXII.— Section  B. 
Table  showing  the  Spaces  occupied  by  engines,  boilers,  and  passages 
together,  and  by  coals  ;  and  also  the  ratio  of  the  Total  Spaces ;  the 
size  or  nominal  horse-power  increasing  from  1  to  3,  the  indicated 
horse-power  remaining  the  same. 


Class. 

Service. 

Ratio  of  size 
or  nominal 
horse-power. 

Space  occupied 

by  engines, 

boilers,  and 

passages, 

constant. 

Ratio  of 

spaces 

occupied  by 

coals. 

Ratio  of 
total  spaces. 

1 

River -J 

1 

lA 

2§ 
13 

3 
3 
3 
3 
3 

1-00 
•81 
•71 
•63 
•57 

4  •00. 
381 
371 
3-63 
3-67 

2 

and 

3 

Coasting  and    Couti- 
mental,  and  Ocean-, 
(short  voyages) 

1 

n 

2 

2i 
3 

3 
3 
3 
3 
3 

3-00 
2  43 
213 
1-89 
1-71 

600 
5-43 

5  13 
4^89 
471 

4| 

and) 

5 

Ocean  (long  voyages), 
and      voyage     out^ 

and  home 

V 

1 

1 

u 

2 

2i 
i            3 

3J 
3 
3 
3 
3 

5^00 

4-05 
3-55 
3-15 
2-85 

8-00 
7 -OS 
6-55 
615 
5-85 

*  space  occupied  by  boilers   supposed  to  be  reduced,  and  space   r>ccupied  by  cngiues 
not  increased  in  higher  ratio. 

TABLES  XXII.  show  the  results  of  increased  expansion  of  ordi- 
nary steam. 

Sections  A  and  B  show  how  the  total  weights  of  machinery  and  coals 
taken  togetlier,  and  also  the  total  spaces  occupied  by  them,  decrease 
from  cla.ss  1  to  5,  on  the  supposition  that  the  gross  weiglit  of  machi- 
nery anJ  the  space  occupied  by  it  remain  constant. 
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TABLE  XXII.— Section  C. 
Table  ahowing  the  Gain  in  Cargo  Space,  whe7i  the  space  occupied  by 
the  engines,  boilers,  and  passages  is  constant ;  *  the  size  or  nominal 
horse-poiver  increasing  from  1  to  3,  the  indicated  horse-power  remain- 
ing the  same. 


Class. 

Service. 

Ratio 
of 
size 
or 
nomi- 
nal 
horse- 
power 

The  same 
ratio,  but 
showing  the 
per-centage 
decrease. 

Per-centage  Gain  in  Cargo  Space,      t 

Ratio  of 
total  spaces 
occupied  by 
macbinery 
and  coals, 
from  fore- 
going table. 

1st. 

When  total 

macliinery 

and  coal 

sjiace  is 

equal  to  total 

cargo  space. 

Per  Cent. 

5 
7 
9 
11 

2nd. 

When  total 

machinery 

and  coal 

space  is 

I  of  total 

cargo  space. 

3rd. 

When  total 

machinery 

and  coal 

space  is 

J  of  total 

cargo  space. 

1 

( 

1 
2 
3 

4 

3 
3 
3 
3 

00 
81 
71 
63 
57 

100 
95 
93 
91 
89 

Pel-  Cent. 

3J 
4i 
6 
7i 

Per  Cent. 

n 

5i 

5 
Vi 
9i 
11 

6 
19 
lU 
13^ 

1 

2 

and 

3 

Coasting  and  | 

Continental,    | 

and  Ocean 

(shortvoyages)  ! 

1 

^ 
2 

3 

6 

5 
5 
4 
4 

00 
43 
13 
89 
71 

100 

90 
85 
81 
78 

10 
15 
19 
22 

«5 
10 
12i 
14i 

4 

and 

5 

Ocean     (long  ( 

voyages),  and  | 

< 

voyage  out     1 

and  home.     ! 

1 

H 
2 

2i 
3 

8 

6 
6 
5 

GO 

05 
55 
15 
85 

100 

88 
82 
77 
73 

12 
18 
23 
27 

8 
12 
15J 
18 

Space  occupied  by  boilers  and  passages  supposed  to  be  reduced,  and  space  occupied  by 
engines  not  increased  in  higher  ratio. 

Section  C  shows  liow  the  cargo  space  continually  increases  from 

class  1  to  5. 

Section  D  gives  a  general  summary  of  the  three  preceding  ones, 
and  shows  the  per-centage  of  increase  of  time  the  coals  would  last, 
if  the  total  weights  of  machinery  and  coals  taken  together  were  kept 
the  same;  and  as  this  depends  upon  the  saving  in  coal  alone,  the 
weight  of  machinery  being  supposed  constant,  it  amounts  to  the 
same  in  all  the  classes  ;  being  equal  to  40  per  cent,  if  the  engines  be 
doubled  in  size,  and  to  75  per  cent,  if  the  engines  be  increased  to 
3  times  the  size. 
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The  two  last  columns  give  the  annual  per-centage  gain  on  the 
capital,  from  saving  in  coal  and  gain  in  cargo  space ;  firstly,  wlien 
the  nett  profits  cover  the  cost  of  A'essel  in  1  year,  and  secondly,  when 
the  nett  profits  cover  the  cost  of  vessel  in  2  years ;  the  total  ma- 
cliinery  and  coal  space  being  taken  at  §  of  the  total  cargo  space  in 
each  case. 

It  is  only  on  the  supposition  that  the  nett  profits  for  a  given 
period  cover  the  cost  of  vessel  or  capital,  tliat  the  gain  from  increase 
of  cargo  space  can  be  added  to  the  gain  from  saving  in  coal.  If  the 
vessel  be  supposed  to  have  cost  a  sum  equal  to  the  nett  profits  of  3 
or  any  other  number  of  years,  then,  in  order  to  find  the  total  annual 
gain,  it  is  only  necessary  to  divide  the  annual  per-centage  gain  from 
increase  of  cargo  space  by  3,  or  any  number  determined  on,  and  add 
the  quotient  to  the  annual  per-centage  gain  from  saving  in  coal ;  the 
sum  will  be  the  gross  annual  per-centage  gain  on  capital. 

TABLES  XXIII.  show  the  results  of  increase  of  pressure  of  the 
steam  itself. 

The  use  of  Section  A  may  be  thus  illustrated :  taking  the  2nd 
class  of  steamers,  it  is  seen  that  if  steam  of  35  lbs.  pressure  be  used 
and  cut  off  at  fths,  a  Aveight  of  coal  equal  to  the  weight  of  machinery 
will  last  10  days ;  but  if  steam  of  SO  lbs.  pressure  be  used  (in  the 
same  sized  cylinder),  then  the  same  power  Avill  be  developed  by  a 
consumption  of  43  per  cent,  of  the  fuel,  the  steam  being  cut  ofi"  at 
^^^ths ;  and  a  weight  of  coal  equal  to  the  Aveight  of  machinery  would 
last  23  days  instead  of  10.  In  like  manner,  if  steam  of  120  lbs. 
pressure  be  used  (also  in  the  same  sized  cylinder),  then  the  same 
power  will  be  developed  by  a  consumption  of  35  per  cent,  of  the 
fuel,  the  steam  being  cut  ofi"  at  about  yVth ;  and  a  weight  of  coal 
equal  to  the  weight  of  machinery  would  last  28  days  instead  of  10.  In 
all  the  other  classes   of  steamers  the  same  proportions  hold  good. 
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TABLE  XXIIL— Section  A. 

Table  shotcing  the  Weights  of  machineri/  and  coal,  and  Joint  Weights 
of  same  ;  the  total  pressure  increasing  from  35  to  60,  80,  100,  and 
120  lbs.  per  square  inch;  the  size  or  nominal  horse-poicer  of  the  en- 
gines, the  indicated  horse-power,  and  the  gross  weight  of  machinery 
remaining  tlie  sam^. 


Class 

Sei-vice. 

Total  pres-' 

sure  of     Weight  of 

steam  in   machinery 

1   lbs.  per   •  supposed 

squire      constant. 

iiicu. 

Ratio  of 
weigiit  of 
coal  cor- 
respond- 
ing ^)  in- 
creased 
pressure. 

Ratio 

of 
total 

weigiits. 

Ratio  of 

time  the 

ci'al  woulc 

last, it  total 

weights  be 

k.  pt  the 

Same. 

Ratio  in 

da)s. 

(         35 

•25 

1^25 

100 

2J 

60 

•132 

1^132 

188 

4i 

1 

River ^ 

80 

•109 

1109 

2^32 

H 

100 

•095 

1095 

2-63 

6i 

^,       120 

•087 

1087 

2  85 

7 

f         35 

1 

1^00 

20  0 

100 

10 

60 

•53 

1-53 

18 

19 

2 

Coasting  and  Con-  _ 
tinental " 

80 

•43 

143 

2^32 

23 

100 

•S8 

1-38 

2  63 

26 

^,       120 

•35 

1-35 

2-85 

23 

f         35 

1-50 

2  50 

1  00 

15 

3 

Ocean  (short  voy- 
ages)    and    Go-  -< 
vemment 

60 

80 

100 

•795 
•645 
•570 

1795 
1-645 
1570 

1-88 
2-3S 
2  63 

28 
35 
39} 

(,       120 

•525 

1-525 

2-85 

42f 

/         35 

4  00 

5  00 

1^00 

40 

4 

Oce.-in    (lonjr    voy- 
ages)       Aiisti-a-  - 
lian 

60 
80 

2*12 
172 

312 

188 
2  32 

75 
93 

100 

1-52 

2-52 

2-63 

105 

I       120 

140 

2-40 

2^85 

114 

r      35 

7  00 

8  00 

TOO 

70 

5 

Ocean,  voyage  ont 
and  hofiie, 
E.ist«m     Steam  - 
Navigation  Corn- 

60 
80 
100 

371 
8  01 
3-06 
2-45 

4-71 
401 
3^e6 
345 

1-88 
232 
2  63 
2-85 

132 
162 
184 
200        1 

120 
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TABLE  XXIII. —Section  B. 

l\thle  shoicing  the  Spaces  occupied  by  engines,  boilers,  and  passages 
together,  and  by  coals  ;  and  also  the  ratio  of  the  Total  Spaces;  the 
total  pressure  increasing  from.  35  to  60,  80,  100,  and  120  lbs.  per 
square  inch;  the  size  or  nominal  horse-poiver  of  the  engines,  the 
indicated  horse-poicer,  and  the  total  space  occiqned  by  machinery 
remaining  the  same. 


Class. 

Service. 

Total  pressure 

of  steaminlbs. 

per  square 

inch. 

Space  occupied 

by  engines, 

boilers,  and 

passages, 

constant. 

Ratio  of  spaces 

occupied  by 

coals. 

Ratiooftotal 
splices. 

1 

f 

35 

60 

SO 

100 

120 

3 

3 

a 

3 
3 

100 
•53 
•43 
£8 
•35 

400 
3-53 
3-43 
3-38 
3-ii5 

I 

■2 

and 

3 

Coasting    and    Con- 
tinental, and  Ocean  -( 
(short  voyages) j 

35 

60 

80 

100 

120 

3 
3 
3 
3 
3 

3-00 
1-59 
1-29 
114 
105 

6  00 
4-£9 
4-29 
4  14 
405 

4 

and 

5 

Ocean  (long  voyages) 
anil     voyage     out  ■{ 

35 

60 

80 

100 

120 

3 
3 
3 
3 
3 

5-00 

2-65 
2-15 
190 
1  75 

8^00 
5-65 
5-15 
4-90 
4-75 

1 

Sections  A  and  B  show  how  the  total  weights  of  machinery  and 
coals  taken  together,  and  also  the  total  spaces  occupied  by  them, 
decrease  from  class  1  to  5,  owing  to  a  saving  of  coals  alone.  Ko 
advantage  has  been  taken  of  the  decrease  in  the  space  required  for 
the  boilers,  although  much  less  fuel  is  used ;  because  high-pressure 
boilers  usually  occupy  more  space,  for  the  same  power,  than  low- 
pressure  boilers. 
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TABLE   XXIII.— Sectiox  C. 

Tahle  allowing  the  Gain  in  Cargo  Space,  icheii  the  space  occupied  by 
the  engines,  boilers,  and  passages  is  constant ;  the  total  pressicre  in- 
creasing from  35  to  60,  80,  100,  and  120  lbs.  p>er  square  inch;  the 
size  or  nominal  horse-power  of  the  engines,  and  the  indicated  horse- 
poicer  remaining  the  same. 


Class. 

Service. 

Total 

pressure 

of  steam 

in  lbs.  per 

Ratio  of 

Per-centage  Gain  in  Cargo  Space. 

total        The  same 
spaces  oc-    ratio,  but 
cupiedby!  showintf 
macliiuery    the  per- 

1st.       I      2nd.             3rd. 
\Mieiitot.al  When  total  When  total 
machineryimachinery  machineryl 
aud  coal      and  coal      aud  coal 

square 
inch. 

and  coals,  |   centage 
from  fore-    decrease, 
going  table 

space  is      space  is       space  is 
equal  to           J  of              i  of 
totol  cargo  total  cargo|  total  cargo 

space.     1     space. 

space. 

{ 

35 

4-00 

100 

Per  Cent. 

Per  Cent. 

Per  Cent. 

60 

3-53 

as 

12 

8 

6 

1 

80 

3 '43 

86 
84 

14 

9i 
lOi 

7 
8 

lOO 

3  38 

16 

\ 

120 

3  35 

83 

17 

Hi 

Si 

f 

35 

600 

100 

... 

... 

2 

and 

3 

Coasting  and  Con- 
tineutal,    and  _^ 
Ocean     (short " 

60 
80 
100 

4-59 
4-29 
414 

76 
71 
69 

24 
29 
31 

16 
lOi 
201 

12 

14i 

15i 

V 

120 

4  05 

67 

33 

22 

16J 

r 

35 

8-00 

100 

... 

... 

4 

Ocean  (long  voy- 

60 

5-65 

71 

29 

19i 

14i 

and     ages),  and  voyage-; 
1  out  aud  home....  | 

80 

515 

64 

3d 

24 

18 

5 

100 

4-90 

61 

39 

26 

19i 

V 

120 

4-5 

59 

41 

27i 

20i      1 

Section  C  shows  how  the  cargo  space  continually  increases  from 
class  1  to  5. 

The  last  section  of  Table  XXIII.  gives  a  general  summary  of 
the  'tliree  preceding  ones. 
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It  will  render  the  results  of  these  tables  more  easily  understood, 
to  trace  them  out  with  reference  to  one  of  the  five  classes  of 
steamers,  and  as  one  of  the  most  important,  class  4,  or  the  Austra- 
lian Vessels,  may  be  taken.  From  Table  I.  it  will  be  seen  that  the 
quantity  of  coal  usually  taken  is  equal  to  about  4  times  the  gross 
■weight  of  machinery,  and  that  this  quantity  lasts  about  40  days, 
that  is,  with  35  lbs.  steam  cut  off  at  fths  of  the  stroke.  From  Table 
YIII.  it  will  also  be  seen  that  the  quantity  of  coal  annually  consumed 
if  the  vessels  be  kept  at  work,  amounts  to  25  per  cent,  of  the  cost 
of  the  vessels  or  capital. 

Upon  referring  to  Section  D,  Table  XXII.,  it  appears  that  if  the 
cylinders  be  doubled  in  capacity,  to  allow  of  more  expansive  working, 
the  coal  required  for  the  same  time  and  to  develop  the  same  power 
is  so  far  reduced,  that  7{-  per  cent,  per  annum  is  saved  on  the 
original  capital ;  and  that  if  the  weight  of  coals  carried  be  kept  the 
same,  thej'  will  last  56  days  instead  of  40.  Also,  if  the  cylinders  be 
increased  in  capacity  to  3  times,  the  annual  saving  in  coal  will  amount 
to  lOf  per  cent,  on  the  original  capital;  and  if  the  same  weight  of 
coals  be  carried,  they  will  last  70  days  instead  of  40. 

Referring  now  to  Section  D,  Table  XXIII.,  it  appears  that  by 
using  steam  of  80  lbs.  pressure  instead  of  35  lbs.,  the  annual  saving 
in  coal  will  amount  to  14 J  per  cent,  of  the  original  capital;  and  that 
the  same  quantity  of  coals  will  last  93  days  instead  of  40.  Also, 
if  the  pressure  be  increased  to  120  lbs.,  the  annual  saving  in  coal 
will  amount  to  16{  per  cent,  on  the  original  capital;  and  the  same 
(piantity  of  coals  will  last  114  days  instead  of  40. 

Again,  if  instead  of  carrying  coals  for  an  additional  number  of 
days,  the  space  they  would  occupy  be  appropriated  to  cargo,  then, 
by  the  central  columns,  on  the  supposition  that  the  total  machinery 
and  coal  space  is  equal  to  frds  of  the  total  cargo  space,  the  latter 
will  be  increased  12  and  18  per  cent,  when  the  size  of  the  engines 
is  increased  to  2  and  3  times  respectively,  and  24  and  27J  per 
cent.,  M'hen  the  pressure  is  increased  to  80  and  120  lbs.  respect- 
ively. By  the  last  columns  of  Section  D  it  will  be  seen,  that,  on 
the  .«;ame  supposition,  and  supposing  the  nett  profits  for  2  years 
to  be  equal  to  the  co.^t  of  the  vessel,  that  is,  the  receipts  on  the 
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cargo  space  to  be  50  per  cent,  of  the  original  capital,  then  the  total 
annual  gain  from  saving  in  coals  and  increase  of  cargo  space  will  be 
13^  and  19f  per  cent,  of  the  original  capital,  when  the  size  of  the 
engines  is  increased  to  2  and  3  times  respectively,  and  26|  and 
nearly  30  per  cent.,  when  the  pressure  is  increased  to  80  and  120 
lbs.  respectively. 

These  results  are  of  the  highest  importance,  and  well  deserve 
the  consideration  of  those  embarking  capital  in  undertakings  of 
this  nature. 

In  concluding  this  examination  of  the  beneficial  effects  of  ex- 
pansion, the  author  may  remark  that  there  are  various  aspects  and 
suppositions  under  which  they  might  be  demonstrated,  and  few  can 
be  more  fully  aware  than  himself  of  the  imperfections  which  may 
be  found  in  these  contributions  to  the  subject.  It  is  difficult  to 
present  a  comprehensive  view  of  the  subject  in  an  abstract  form ; 
but  perhaps  enough  has  been  done  to  serve  as  a  ground-work  upon 
which  calculations  suited  to  specific  cases  can  be  based ;  this  may  be 
done  by  substituting  the  correct  quantities  in  any  particular  case  for 
those  given  in  the  Tables. 

In  the  former  paper  the  author  made  a  deduction  from  the  annual 
saving  in  coal  for  the  interest  on  the  extra  capital  required  for  larger 
engines  of  the  ordinary  construction  ;  but  no  provision  was  made 
for  the  repayment  of  such  extra  capital.  This  might  be  rendered 
more  simple  by  supposing  the  gain  from  saving  in  coals  and  in- 
creased cargo  space  to  be  set  aside  until  the  extra  capital  was  repaid. 
This  would  be  done  in  a  few  years,  according  to  the  ratio  which 
the  annual  profits  bore  to  the  capital.  After  the  repayment  of 
the  extra  capital,  the  annual  gain  would  be  constant,  and  no  re- 
duction would  have  to  be  made  for  interest,  the  profits  resulting 
from  saving  of  coal  and  increase  in  cargo  space. 

The  author  will  now  refer  to  the  advantages  contemplated  in  the 
new  forms  of  Engines  proposed  in  the  former  paper,  which  are  as 
follows  : — 

1st.  That  the  steam  on  its  entrance  to  the  cylinder  acting  on  a 
comparatively   small  area   would  admit  of  the   pressure  being  con- 
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siderabl}'  increased,  without  the  weiglit  of  the  engine  being  increased 
to  anjtliing  like  the  extent  necessary  in  the  case  of  a  common 
cylinder  of  large  area. 

2nd.  That  in  order  to  work  expansively,  it  would  not  be  neces- 
sary to  increase  the  length  of  the  cylinder  or  stroke  of  the  engine, 
which  would  be  the  case  with  an  ordinary  engine  :  the  double  ex- 
pansion rendering  the  length  of  cylinder  virtually  double. 

3rd.  That  the  arrangements  proposed  possess  all  the  advantages 
of  compactness  obtained  hj  the  use  of  a  trunk,  thus  conveniently 
allowing  of  a  longer  connecting  rod  than  would  be  possible  in  any 
other  way  in  the  same  space. 

4th.  That  upon  either  of  the  plans  represented  in  Plate  17,  (see 
Proceedings,  April,  1855,)  the  power  of  the  engines  could  be  almost 
indefinitely  increased,  not  only  by  using  steam  of  higher  pressure, 
but  also  by  increasing  the  diameter  of  the  large  cylinder  ;  retaining 
a  short  stroke  for  the  sake  of  getting  sufficient  speed  for  a  screw 
engine. 

5th.  That  the  floor  space  required  for  the  engines  on  these  plans 
would  not  exceed  from  i  to  i  of  a  square  foot  per  nominal  horse- 
power, or  about  half  the  space  usually  occupied  by  other  direct- 
acting  engines ;  the  pressure  and  degree  of  expansion  being  sup- 
posed to  be  in  both  cases  the  same. 

6th.  That  the  space  required  for  the  engines,  so  as  to  obtain  a 
greater  degree  of  expansion  than  usual,  (greater  capacity  of  cylinder 
under  whatever  form  or  arrangement  being  of  course  necessary,) 
would  not  increase  in  a  higher  ratio  than  that  in  which  the  space 
occupied  by  the  boilers  would  decrease,  less  steam  being  required 
for  the  same  power ;  so  that  the  total  spaces  would  remain  constant 
for  almost  any  degree  of  expansion. 

7th.  That  the  steam  from  its  entrance  to  its  exit  would  work 
against  a  vacuum. 

8th.  That  the  difference  of  pressure  at  the  beginning  and  end 
of  the  stroke  would  be  very  considerably  less  than  in  an  ordinary 
engine,  expanding  to  the  same  degree.  For  example  :  suppose  an 
ordinary  single  cylinder  with  steam  at  45  lbs.  expanding  9  times,  or 
to  5  lbs.  ;   tlien,  deducting   tlie   1)a(k    pr('s;sure,   say   3  His.,  we   have 
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45—3  =  42  lbs.  at  tlie  beginning,  and  5—3  =  2  lbs  at  the  end  of  the 
stroke,  being  in  the  ratio  of  21  to  1.  If  the  expansion  take  place  in  two 
stages,  as  in  the  arrangements  proposed,  then  for  the  first  stage  we 
have  45 — -3  =  42  lbs.  at  the  beginning,  and  15 — 3  =  12  lbs.  at  the  end 
of  the  stroke,  being  in  the  ratio  of  3|  to  1  only ;  and  for  the  second 
stage,  (taking  place  in  the  opposite  cylinder,)  we  have  15 — 3  =  12  lbs., 
and  5 — 3  =  2  lbs.,  being  in  the  ratio  of  6  to  1  only.  The  mean  total 
difference  is  only  4|  to  1,  and  this  for  the  same  degree  of  expansion 
of  9  times, 

9th.  That  the  combination  of  the  trunks  not  only  counteracts 
the  atmospheric  pressure  on  the  outer  ends  of  them,  which  would 
prevent  much  expansion,  but  also  saves  the  second  connecting-rod 
and  further  serves  the  purpose  of  guides,  and  prevents  the  work  of 
the  connecting-rod  being  thrown  too  severely  on  the  trunk  and  stuff- 
ing-box. The  combination  of  the  trunks  also  renders  the  work  done 
by  the  out  and  in  strokes  (of  a  horizontal  engine)  quite  equal ;  the 
high-pressure  steam  of  one  cylinder  always  acting  in  conjunction  with 
the  low-pressure  steam  of  the  opposite  cylinder.  This  equality  of 
work  in  the  in  and  out  strokes  cannot  well  be  obtained  with  a  single 
trunk,  except  it  be  carried  through  the  cylinder,  as  in  Messrs.  Penn's 
engine.  The  only  way  in  which  it  is  ordinarily  attempted  is  by 
cutting  off  the  steam  later  on  the  trunk  side  of  tlie  piston,  by  giving 
the  valve  less  lap  on  that  side.  This  method  of  obtaining  uniformity 
is  obviously  very  limited,  and  not  compatible  with  high  degrees  of 
expansion, 

10th.  That  owing  to  the  strength  of  the  various  parts  of  the  en- 
gine being  determined  by  the  pressure  of  the  steam,  on  its  first 
entrance  into  the  cylinder,  and  this  taking  place  on  a  comparatively 
small  area,  the  cost  and  weight  of  engines  would  not  increase  as  on 
the  ordinary  construction  ;  and  it  is  presumed  that  the  reduction  in 
the  cost  of  boilers,  owing  to  less  steam  being  required  for  the  same 
power,  would  cover  any  extra  cost  of  engines  arising  from  the  greater 
capacity  of  cylinder,  which  is  required  in  order  to  work  more  ex- 
pansively than  usual. 
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Mr.  Allen  explained  the  drawings  of  his  engine,  and  the  mode  of 
its  action.  He  stated  that  his  view  had  been  principally  to  obtain  com- 
pactness, and  sufficient  uniformity  in  the  power,  combined  with  a  much 
higher  degree  of  expansion  than  was  at  present  used  in  Marine  Engines. 
There  were  many  practical  difficulties  in  the  more  extended  application 
of  the  expansive  principle  in  those  engines,  on  account  particularly  of 
the  very  confined  space  available  for  them  in  the  vessels. 

The  Chairman  inquired  whether  the  calculations  in  the  paper  had 
been  made  only  theoretically  ;  he  supposed  no  actual  trial  of  the  engine 
upon  the  new  arrangements  proposed  had  yet  taken  place . 

Mr.  Allen  explained  that  the  calculations  had  not  been  made  from 
actual  indicator  diagrams,  as  there  had  not  been  an  opportunity  at  pre- 
sent of  making  a  trial  of  an  engine  on  the  proposed  plan ;  but  he  had 
made  the  calculations  from  carefully  constructed  diagrams,  based  on 
those  obtained  from  the  actual  working  of  engines  that  were  so  far 
similar  in  their  action,  as  to  afford  safe  practical  data  for  the  calculations, 
and  full  allowance  had  been  made  for  loss  of  temperature  during  expan- 
sion of  the  steam. 

The  Chairman  observed  that  strong  objections  were  generally 
entertained  by  marine  engineers  to  the  use  of  high-pressure  steam  for 
their  engines ;  greatly  on  the  ground,  he  believed,  of  priming,  arising'pro- 
bably  from  the  quantity  of  salt  in  sea  water ;  but  he  did  not  see  why 
these  difficulties  should  not  be  surmounted. 

;Mr.  Allen  stated  that  in  his  original  paper,  which  was  read  at  the 
previous  meeting,  hehadconfinedhis  attention  to  the  case  of  low-pressure 
steam,  35  lbs.  total  pressure,  or  20  lbs.  above  the  atmosphere,  as  that 
was  the  general  limit  at  present  in  marine  engines ;  but  in  the  present 
supplementary  paper  he  had  extended  the  calculations  given  in  the  pre- 
vious one  to  the  case  of  high-pressure  steam,  in  accordance  with  the 
desire  expressed  in  a  former  discussion. 

The  Chairman  inquired  whatmeans  he  proposed,  for  getting  over  the 
difficulties  which  were  met  with  when  high-pressure  steam  was  used. 

Mr.  Allen  said  that  the  object  of  his  paper  was  not  to  investigate 
any  special  means  of  getting  over  the  difficulties  accompanying  the  use 
of  high-pressure  steam  ;  but  merely  to  show  what  advantages  in  point  of 
economy  would  result,  in  case  some  effectual  method  of  overcoming 
them  could  be  devised. 
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Mr.  Jones  observed  that  facts  obtained  by  actual  trial  were  very 
essential  for  confirming  theory  on  such  a  subject,  Avhich  was  one  in  which 
it  would  be  important  to  have  the  calculations  verified  by  practical 
experience ;  he  considered  that  the  calculations  in  Mr.  Allen's  paper  threw 
much  valuable  light  on  the  economy  of  expansion. 

Mr.  Hodge  thought  there  would  be  much  liability  to  error  in  basing 
calculations  on  theoretical  tables  only,  not  derived  from  experiments, 
and  in  adopting  a  new  design  of  engine,  like  that  brought  forward  in  con- 
nection Avith  the  paper,  which  had  not  yet  been  tried  in  practice.  He 
disapproved  of  the  short  stroke  of  the  engine  proposed,  since  the  total 
effect  with  the  same  expansion,  that  is,  cutting  off  at  the  same  fraction 
of  the  stroke,  was  not  so  good  in  a  short-stroke  engine  as  in  a  long  one  ; 
but  he  considered  the  use  of  the  two  cylinders  an  advantage,  on  account 
of  the  greater  uniformity  of  motion  thereby  obtained;  the  latter  however 
was  not  a  point  of  such  importance  in  the  propulsion  of  vessels  as  in 
manufactories,  since  the  momentum  of  the  vessel  was  great,  and  not 
easily  affected  by  irregularities  in  the  stroke  ;  but  in  driving  machinery, 
all  variations  in  the  power  given  out  at  different  portions  of  the  stroke 
w'ere  detrimental.  The  arrangement  of  the  trunks  for  shortening  i;p 
the  engine  appeared  very  good,  but  he  thought  the  cylinders  were  shorter 
than  was  advisable,  because  less  power  was  obtained  out  of  the  steam 
by  expanding  the  same  volume  of  steam  in  a  short  cylinder  than  in  a  long 
one,  as  was  shown  by  adding  up  the  ordinates  of  the  expansion  curves. 
The  Chairman  inquired  whether  the  form  of  engines  represented 
was  expressly  designed  for  high  pressure  steam,  or  whether  any  other 
form  would  be  considered  preferable  in  that  case. 

Mr.  Allen  replied  that  the  engines  were  not  designed  for  very  high- 
pressure  steam,  but  only  for  pressures  of  about  35  to  45  lbs.,  including  the 
atmosphere ;  the  advantages  contemplated  in  them  were  those  arising 
from  saving  in  cost  and  space  occupied,  and  from  allowing  the  expansion 
to  be  carried  to  a  higher  degree  than  usual ;  large  trunks  might  be 
objectionable  with  very  high  pressure,  as  the  effects  of  the  difference  in 
area  would  then  be  rendered  more  perceptible.  The  advantage  of  a  long 
stroke  was  admitted,  but  it  appeared  to  be  impracticable  to  obtain  a 
long  stroke  in  a  marine  engine,  with  sufficient  velocity  of  revolution  of 
a  screw  shaft. 
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The  Chairman  inquired  what  was  the  velocity  of  revolution  pro- 
posed with  Mr.  Allen's  engines. 

Mr.  Allex  contemplated  working  them  up  to  80  or  even  100  revo- 
lutions per  minute,  M'hichwas  about  the  speed  required  for  screw  shafts  ; 
this  would  give  a  speed  of  piston  of  about  300  or  400  feet  per  minute. 

Mr.  Hodge  thought  an  engine  might  be  driven  at  a  considerably 
greater  speed  without  difficulty;  hehad  known  600  or  700  feet  per  minute 
attained  without  difficulty  in  a  long  stroke  engine,  and  a  good  indicator 
diagram  obtained  at  that  speed. 

The  Chairman  remarked  that,  independently  of  the  difficulty  of 
obtaining  a  long  stroke  with  a  great  velocity  of  the  shaft,  the  section  of 
the  vessel  would  not  generally  allow  of  a  long  stroke  sufficiently  low 
down  for  direct-acting  horizontal  cylinders. 

Mr.  Hodge  said  that  the  balancing  of  the  cylinders  by  connecting  the 
opposite  trunks  appeared  to  him  to  be  a  new  and  good  arrangement ;  he 
had  not  seen  it  before,  and  it  certainly  made  the  engine  very  compact;  but 
he  did  not  see  that  it  was  accompanied  by  sufficient  advantages  to  war- 
rant complicating  the  engine  so  much  as  was  done  by  the  proposed 
arrangement. 

Mr.  Allen  explained  that  it  was  not  necessary  to  use  four  cylinders, 
in  order  that  the  atmospheric  pressure  upon  the  open  trunks  might  be 
balanced,  as  this  could  be  done  by  working  the  opposite  trunk  in  a  con- 
denser ;  by  connecting  the  opposite  trunks,  the  effects  of  the  variation 
of  the  pressure  during  expansion  were  diminished,  and  the  atmospheric 
pressure  was  entirely  neutralised  ;  the  four  cylinders  were  however  de- 
sirable where  the  expansion  was  carried  down  to  the  extent  contemplated 
in  the  paper,  namely,  5  lbs.  above  a  vacuum,  as  the  total  power  exerted 
in  both  directions  was  thus  rendered  quite  equal.  Without  the  trunk  the 
same  amount  of  expansion  could  not  be  obtained  without  having  engines 
with  a  long  stroke. 

Mr.  Hodge  presumed  the  extent  of  expansion  was  limited  only  by 
the  power  required  to  overcome  the  friction  of  the  engine. 

Mr.  Allen  pointed  out  that  the  steam  might  be  expanded  with  advan- 
tage to  this  limit  in  the  engines  he  had  proposed,  as  when  the  most 
expanded  steam  was  acting  on  the  large  area  of  piston,  there  was,  in 
addition  to  this,  when  the  trunks  were  coupled,  the  steam  at  its  highest 
pressure  acting  on  the  small  area  in  the  same  direction. 
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Mr.  Hodge  thought  that  in  horizontal  direct-acting  engines  there 
was  often  a  great  error  in  not  having  sufficient  length  of  bearing  in  the 
stuffing-boxes,  and  also  in  the  pistons ;  it  was  proved  in  practice  that 
there  was  no  disadvantage  in  a  long  bearing  piston  if  well  made.  He 
considered  that  long-stroke  single-cylinder  engines  were  the  most  econo- 
mical, and  were  preferable  wherever  that  form  was  admissible. 

The  Chairman  remarked  that  considerable  economy  was  obtainable 
by  a  greater  degree  of  expansion,  even  with  the  present  pressure  ;  but  for 
carrying  out  the  principle  thoroughly  it  was  essential  to  obtain  a  con- 
siderable increase  of  pressure,  and  he  thought  it  was  very  important  for 
an  advance  to  be  made  in  that  direction. 

Mr.  Allen  observed  that  doubling  the  size  of  the  cylinders  gave  an 
economy  of  29  per  cent,  with  the  same  pressure  as  that  generally  used, 
35  to  40  lbs.  per  inch,  which  would  be  a  very  important  improvement 
on  the  present  working.  There  were  several  practical  objections  to  the 
use  of  higher  pressures  of  steam,  and  he  was  not  prepared  to  recommend 
much  increase  at  present. 

Mr.  Hodge  inquired  what  objections  were  generally  advanced  to 
the  use  of  higher  pressures ;  he  did  not  know  of  any  really  serious  ob- 
jection, and  thought  the  pressure  might  be  much  increased  beyond  the 
present  average  with  important  advantage  in  economy  of  power. 

Mr.  Allen  said  the  objections  were  mainly  those  arising  from  minor 
points  of  detail,  such  as  priming  and  leakage  of  stuffing-boxes  and  boiler 
joints ;  these  were  practical  difficulties  which  might  very  possibly  be 
got  over  with  further  experience. 

The  Chairman  suggested  that  the  general  objection  to  high-pressure 
steam  in  marine  engines  was  to  be  attributed  to  the  circumstance  of  those 
connected  with  them  not  being  so  much  accustomed  to  high-pressure 
steam ;  there  did  not  appear  to  be  any  sufficient  reason  why  it  should 
not  be  used  as  much  in  marine  as  in  land  engines,  and  particularly  in 
locomotives.  He  thought  the  difficulties  met  with  in  connection  with 
the  boiler  were  such  as  ought  to  be  got  over,  and  would  be  set  aside  by 
engineers  accustomed  to  construct  high-pressure  engines. 

Mr.  Hodge  remarked  that  marine  engineers  in  this  country  had 
mainly  confined  their  attention  at  present  to  low-pressure  steam  ;  but 
in  the  large  American  steamers  on  the  Hudson  condensing  engines  were 
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worked  with  70  lbs.  steam,  and  a  good  vacuum  of  28  inches  was  main- 
tained Avithout  difficulty  with  that  pressure.  Of  the  difficulties  which 
were  urged,  priming  he  believed  often  arose  from  the  steam-pipe  from 
the  boiler  being  too  small  in  diameter ;  he  had  known  cases  where  this 
had  been  the  cause.  The  stuffing-boxes  ought  to  give  no  trouble  ;  they 
were  always  made  steam-tight  with  high-pressure  steam  by  the  Cornish 
engineers  and  in  locomotive  shops,  and  if  not  steam-tight  in  marine 
engines,  the  workmanship  must  be  defective  ;  he  thought  the  difficulties 
that  had  been  referred  to  were  such  as  might  be  easily  got  over. 

Mr.  Allen  observed  that  some  difficulties  might  be  treated  as 
trivial  in  land  engines,  which  became  serious  matters  in  the  case  of 
marine  engines,  from  the  difference  in  the  circumstances ;  and  in  con- 
sidering the  extension  of  expansion  in  the  latter  class  of  engines,  it  was 
necessary  to  take  account  even  of  objections  arising  merely  from  minor 
points  of  detail.  He  anticipated  that  the  first  step  towards  improve- 
ment in  marine  engines  would  consist  in  using  a  higher  degree  of  expan- 
sion with  the  present  pressure  of  steam,  and  afterwards  making  trial  of 
greater  pressures.  High-pressure  steam  had  been  very  little  tried  yet  in 
marine  engines,  and  had  always  been  found  troublesome ;  he  believed 
that  some  engines  which  had  been  originally  construct-ed  with  high- 
pressure  steam  had  been  afterwards  altered  to  low  pressure. 

The  Chairman  observed  that  the  gun-boats  lately  made  for  the 
Baltic  fleet  had  steam  of  from  50  lbs.  to  60  lbs.  pressure,  working  without 
condensing,  and  he  understood  they  answered  very  well,  and  a  still 
higher  pressure  would  probably  be  tried. 

Mr.  Shipton  suggested  that  there  might  be  some  difficulty  with 
the  air-pumps  shown  in  Mr.  Allen's  engine,  from  the  speed,  and  the  posi- 
tion in  which  they  were  placed. 

Mr.  Allen  remarked  that  such  a  difficulty  would  not  affect  the 
principle  contained  in  his  paper  ;  any  other  form  of  air-pump  might  be 
adopted,  if  desired ;  but  he  did  not  think  any  difficulty  was  to  be 
anticipated  in  working  the  airpumps  even  at  a  higher  speed  than  he 
had  contemplated. 

The  Chairman  said  he  had  recently  seen  engines  that  had  worked 
at  130  revolutions  per  minute,  in  a  vessel  that  had  been  out  to  Africa  ; 
the  air-pumps  had  common  leather  butterfly  valves,  very  well  made,  and 
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no  difficulty  had  been  experienced  from  the  high  speed.  He  remarked 
tliat  the  great  requisite  for  long  voyages  Avas  sufficient  surface  in  the 
working  bearings  to  prevent  any  tendency  to  heating,  in  order  to  allow 
the  vessel  to  continue  running  several  days  without  stopping. 

Mr.  Shipton  observed  that  the  trunks  shown  in  Mr.  Allen's  engine 
would  increase  the  friction  considerably;  he  inquired  whether  any 
account  had  been  taken  of  the  increased  friction  in  the  calculations  of 
the  paper. 

Mr.  Allen  replied  that  the  friction  was  not  included  in  the  calcu- 
lations, in  order  that  they  might  be  as  general  as  possible,  instead  of 
being  limited  to  a  particular  form  of  engine  ;  but  he  did  not  think  it 
would  materially  interfere  with  the  advantages  of  his  proposed  engine. 

Mr.  Shipton  observed  that  with  the  present  construction  of  marine 
engines,  the  expansion,  being  performed  in  a  single  cylinder,  must 
undoubtedly  be  more  limited  than  in  a  compound  cylinder  such  as  had 
been  proposed ;  otherwise  a  shock  would  be  caused  to  the  wheels  or 
screw  at  each  stroke,  by  the  great  inequalities  in  the  driving  power  • 
and  consequently,  with  a  single  cylinder,  it  was  not  advisable  to  cut  off 
at  a  very  early  point  in  the  stroke. 

Mr.  Allen  said  that  no  great  degree  of  expansion  could  be  obtained 
in  marine  engines,  except  by  dividing  the  process  into  two  steps  as  in 
his  proposed  engine,  by  the  use  of  double  cylinders  :  it  would  be  seen, 
by  referring  to  the  tables,  that,  with  1 20  lbs.  steam,  in  order  to  expand 
down  to  the  lowest  useful  pressure,  in  the  present  engines  it  would  be 
necessary  to  cut  off  at  1-1 8th  of  the  stroke,  which  was  quite  impracticable 
in  a  single  cylinder,  on  account  of  the  variation  in  pressure  being  much 
too  great  to  be  admissible  in  marine  engines ;  it  Avas  only  possible  in 
such  a  case  as  the  Cornish  pumping  engines,  where  great  variation 
in  power  and  velocity  of  piston  was  immaterial.  But  in  his  proposed 
engine  this  high  degree  of  expansion  could  be  obtained  practically,  by 
cutting  off  at  l-9th  in  the  first  cylinder  and  doubling  the  expansion 
in  the  second,  or  at  l-6th  in  the  first  cylinder  and  expanding  three 
times  in  the  second. 

The  Chairsian  inquired  what  degree  of  expansion  was  adopted  in 
the  large  engines  making  at  Soho  for  the  great  vessel  of  the  Eastern 
Steam  Navigation  Company. 
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'Mv.  Garland  said  hebelieved  it  was  not  intended  to  work  them  very 
expansively,  probably  cutting  off  at  about  l-3rd  of  the  stroke ;  there 
were  four  cylinders,  84  inches  diameter,  with  a  4-feet  stroke,  and 
intended  to  work  with  about  25  lbs.  steam  above  the  atmosphere. 

The  Chairman  suggested  that  in  many  cases  the  use  of  a  100  lbs. 
steam  without  a  condenser  might  be  practically  as  economical  as  50  lbs. 
steam  with  a  condenser,  and  would  have  the  advantage  in  simplicity 
and  compactness. 

Mr.  Allen  thought  that  condensing  was  preferable  in  all  cases,  and 
recommended  the  use  of  40  lbs.  to  50  lbs,  or  60  lbs,  steam  rather  than 
a  higher  pressure ;  the  steam  to  be  expanded  down  to  5  lbs.  He 
showed  by  a  table  that  when  the  expansion  Avas  carried  down  to  5  lbs. 
above  a  vacuum,  there  was  practically  very  little  margin  left  for  further 
economy,  and  the  moving  power  was  then  very  nearly  counterbalanced 
by  the  friction  and  the  back  pressure  of  the  condenser. 

The  Chairman  remarked  that  their  late  member,  Mr.  "\V.  Smith,  of 
Dudley,  had  given  a  valuable  contribution  of  actual  results  of  the  working 
of  engines  in  the  mining  district,  and  he  hoped  some  members  would 
take  up  the  subject  in  its  different  branches,  to  carry  out  the  inquiry 
that  had  been  so  well  commenced.  The  working  results  of  the  Cornish 
engines  had  been  carefully  attended  to,  and  constant  returns  and  com- 
parative statements  were  prepared,  with  remarkable  advantage  to  the 
owners,  in  the  practical  economy  resulting  from  the  plan ;  and  there 
would  doubtless  be  found  great  advantage  also  in  the  extension  of  the 
plan  to  other  classes  of  engines.  His  own  conviction  was  that  it 
would  be  necessary  in  many  cases  of  marine  engines,  particularly  in 
screw  steamers,  to  use  a  much  higher  pressure  than  was  at  present 
employed  ;  the  objections  of  engine-makers  to  attempting  the  use  of 
high-pressure  steam  arose  from  the  several  practical  difficulties  that  had 
then  to  be  encountered,  but  he  did  not  see  any  reason  to  doubt  that 
these  might  be  satisfactorily  surmounted,  by  further  endeavours  and 
improvements  in  construction  or  arrangement.  The  great  importance 
to  the  employers  of  steam  power  of  an  extension  of  the  expansive 
principle,  in  point  of  economy  of  power  and  increase  in  the  cargo  space 
available  in  the  vessels,  had  been  strikingly  shown  in  the  able  paper 
tliat  had  bfen  read  to  the  meeting. 
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He  expressed  a  hope  that  the  views  advanced  in  the  paper  miglit  be 
carried  out  practically,  and  proposed  a  vote  of  thanks  to  Mr.  Allen  for 
his  paper  and  tables,  which  was  passed 


The  following  Paper,  by  Mr.  Charles  Beyer,  of  Manchester,  was 
then  read  : — 

DESCRIPTIOX  OF  AN  IMPROVED   TUYERE  AXD 
SMITHS'  HEARTH. 

The  present  paper  and  accompanying  drawings  show  the  con- 
struction of  a  "Water  Tuyere,  referred  to  by  the  author  at  a  former 
meeting  of  the  Institution,  as  having  been  adopted  by  him  at  his 
own  works  at  Gorton,  near  Manchester,  and  found  to  Avork  very 
satisfactorily.  This  construction  was  first  proposed  to  him  several 
years  since,  by  his  present  foreman,  Mr.  John  Nuttall,  who  designed 
and  carried  it  out  about  fourteen  years  ago  at  Messrs.  Jones,  Turner, 
and  Evans*  works,  at  Newton,  Lancasliire,  in  consequence  of  great 
difficulty  having  been  experienced  there  in  keeping  the  smiths'  fires 
at  work,  from  the  frequent  failures  of  the  tuyeres,  which  were  the 
ordinary  water  tuyeres.  The  water  pipes,  used  in  that  construction 
of  tuyere,  became  choked  by  the  quantity  of  sediment  in  the  water, 
and  the  nozzles  were  so  frequently  burnt  out,  as  to  cause  serious 
delay  and  expense  by  the  stoppage  of  the  fires.  Larger  water  pipes 
were  tried,  up  to  lin.  and  lAin.  bore,  but  without  overcoming  the 
difficulty.  A  cast-iron  tuyere  was  then  suggested  by  Mr.  Nuttall, 
and  after  various  modifications  he  arrived  at  the  form  shown  in  Fig.  4, 
Plate  19,  which  was  found  quite  successful,  and  was  gradually 
adopted  throughout  the  shop,  in  replacing  the  ordinary  tuyeres  when 
Avorn  out. 

The  first  tuyeres  were  made  very  thick  at  the  nozzle  end,  from 
l^in.  to  IJin.,  with  the  view  of  providing  for  their  burning  away; 
but  these  were  found  to  be  liable  to  crack  at  that  part,  from  unequal 
expansion,  and  the  thickness    was  therefore    gradually    diminished, 
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until  the  casting  was  made  of  the  same  thickness  of  metal  through- 
out, namely,  about  fin. 

Figs.  1,  2,  and  3,  Plates  18  and  19,  show  an  improved  arrange- 
ment of  Smiths'  Hearth,  which  has  been  found  to  possess  some 
advantages,  and  has  been  adopted  by  the  author  in  the  erection  of 
his  own  works,  in  connection  with  the  improved  construction  of 
tuyere  just  described. 

Fig.  1  is  a  longitudinal  section  of  the  double  hearth  and  tuyere. 

Fig.  2  is  a  transverse  section  of  the  hearth,  showing  the  tuyere 
in  elevation. 

Fig.  3  is  a  sectional  plan  of  the  double  hearth. 

The  tuyere  A  (of  which  a  specimen  is  exhibited),  consists  of  a 
single  casting,  fin.  thick,  bolted  to  the  front  of  the  water-cistern  B 
by  a  flange,  and  connected  with  the  elbow-pipe  C  by  a  socket-joint 
packed  with  hemp ;  the  elbow-pipe  is  bolted  by  a  flange  to  the  bot- 
tom of  the  cistern,  and  the  branch-pipe  D,  from  the  air-main  E,  is 
bolted  on  below.  An  iron  slide  F  is  inserted  at  this  joint  to  form 
the  blast  regulator.  The  flange  joints  are  all  made  with  a  washer 
of  soft  wood,  about  fin,  thick,  which  allows  of  fixing  them  water- 
tight without  any  fitting ;  and  by  having  all  the  bolt-holes  marked 
out  from  the  same  templet,  any  tuyere  can  be  quickly  and  effectually 
refixed,  or  changed  for  a  longer  or  shorter  tuyere,  as  required,  to 
suit  any  particular  work,  since  the  wood  packing  readily  accom- 
modates itself  to  any  inequalities  in  the  castings. 

For  simplicity  and  compactness  of  construction,  the  water-cistern 
B  is  made  to  form  the  back  of  the  hearth,  as  sho^vn  in  Figs.  1  and  3, 
and  the  blast  being  brought  in  from  below,  there  is  no  loss  of  space 
between  the  backs  of  the  hearths,  and  the  two  cisterns  can  be  placed 
close  together,  back  to  back.  This  arrangement  causes  an  important 
saving  in  shop-room,  as  the  extreme  length,  from  front  to  front,  of 
a  pair  of  hearths  may  be  reduced  to  1 2ft.  The  breadth  of  the  hearths 
has  also  been  reduced  to  3ft.  9in.  outside,  which  is  found  to  be  a 
great  advantage,  as  it  allows  the  smith  to  stand  closer  to  his  work, 
and  enables  him  in  many  cases  to  lift  work  by  hand,  which,  at  a 
common  hearth,  would  require  him  to  use  a  porter-bar. 

Each  hearth  is  provided  with  a  screen  G  of  thin  sheet-iron  on  the 
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riglit-hand  side,  which  can  be  fixed  and  removed  at  pleasnre.  The 
chimney  H,  which  is  15in.  in  diameter,  is  made  of  wronght-iron,  and 
is  lighter,  less  bulky,  and  not  more  expensive  than  a  brick  chimney. 
The  chimney  H  and  hood  I,  are  carried  by  two  cast-iron  standards 
IvK,  which  also  support  the  water-cistern  B  ;  these  are  bolted  down 
to  the  bed-plate  L,  which  forms  a  complete  base  to  the  hearths,  and 
serves  as  a  cover  to  the  opening  of  the  air-main  E,  the  two  branch 
air-pipes  DD  being  bolted  upon  it  by  flanges.  An  opening  M  in  the 
front  of  the  bed- plate  leads  to  the  ashpit  N.  The  back  of  the  hearth 
above  and  below  the  water-cistern  B  is  formed  by  a  4|in.  brick  wall 
between  the  standards  KK. 

By  this  arrangement,  a  simple,  economical,  and  durable  hearth  is 
obtained,  and  one  which  allows  easy  access  to  all  parts.  The  author 
erected  26  of  these  hearths  about  10  months  ago,  and  they  have 
worked  up  to  this  time  to  his  entire  satisfaction ;  the  tuyeres  and 
water  backs  continue  sound,  and  do  not  show  the  least  appearance 
of  failure. 

A  circular  hollow  fire,  constructed  for  heavy  wheel  forging  at  the 
author's  works,  is  shown  in  Figs.  5  and  6,  Plate  20. 

Fig.  5  is  a  vertical  section,  and  Fig.  6  a  sectional  plan,  taken 
through  the  tuyere. 

This  fire  consists  of  an  annular  cast-iron  water-cistern  4  ft.  B. 
6  in.  outside  diameter,  with  three  tuyeres  AAA  fixed  in  it,  of 
the  same  construction  as  that  already  described.  Underneath  the 
cistern  is  a  wrought-iron  air-chamber  0,  connected  with  the  tuyeres 
by  the  elbow-pipes  CCC,  and  communicating  at  P  with  the  air-main 
E ;  the  blast  is  regulated,  as  before,  by  the  iron  slides  FFF.  The 
water-cistern  is  lined  with  fire-brick  K,  which  is  contracted  towards 
the  top,  so  as  to  concentrate  the  heat ;  the  fire-bricks  being  moulded 
can  easily  be  renewed  when  required.  The  top  of  the  cistern  and 
fire-brick  lining  is  lowered  at  S,  to  form  an  opening  for  the  con- 
venience of  the  workman  when  heating  any  very  heavy  forging.  The 
cinders  are  dropped  down  by  means  of  a  flap  door  T,  into  the  ash- 
pit X,  from  which  they  are  removed  through  the  trap  door  M. 

Fig.  7  shows  an  enlarged  section  of  the  tuyere  A. 

With  this  fire  an  intense  heat  is  obtained  in  the  boss  of  the  wheel 
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to  be  welded,  which  is  placed  over  the  opening,  whilst  the  surround- 
ing spokes  are  thoroughly  protected  from  the  action  of  the  fire  by 
the  hearth  being  entirely  covered  in,  except  at  the  point  where  the 
heat  is  required.  This  hearth  has  the  advantage  of  being  small  and 
compact,  and  without  any  projections  from  the  circle ;  it  thus  enables 
the  men  to  get  close  to  the  work  all  round. 


A  specimen  was  exibited  of  the  improved  tuyere,  with  the  wood 
packing. 

The  Chairman  thought  the  form  of  hearth  shown  was  a  very  good 
one,  compact  and  well  arranged  for  working,  and  economical  in  make  ; 
and  the  tuyere  was  certainly  a  very  simple  construction. 

Mr.  Shiptox  said  he  had  seen  the  hearths  at  Mr.  Beyer's  works,  and 
they  were  found  to  work  satisfactorily  ;  he  thought  it  was  a  good 
arrangement. 

Mr.  "Wright  considered  there  was  an  advantage  in  the  water 
cistern  forming  the  back  of  the  fire,  which  was  not  in  the  other  forms 
of  hearth  shown  at  the  former  meetings,  and  it  made  a  very  compact 
and  convenient  hearth. 

Mr.  Shipton  observed  that  Messrs.  Dunn,  of  Manchester,  also  used 
the  water  tank  to  form  the  back  of  the  fire  ;  and  he  had  a  hearth  at  his 
own  works  on  the  same  plan,  which  made  a  very  durable  job. 

Mr.  Hodge  thought  the  circular  fire  was  a  very  good  idea ;  he  had 
also  seen  a  very  good  circular  hearth  in  general  use  in  America  for 
anthracite  fires  which  had  a  central  blast  entering  at  the  bottom  of  the 
fire  ;  this  was  found  to  have  an  important  advantage  over  the  ordinar}' 
plan  of  blowing  on  one  side,  where  the  iron  was  heated  only  on  one  side 
at  a  time  and  required  to  be  constantly  turned  round.  He  had  a  circular 
fire  at  work  on  the  American  plan,  and  was  surprised  they  were  not 
generally  adopted  in  this  country,  as  there  was  a  great  practical 
advantage  in  the  plan. 

Mr.  Shipton  thought  there  would  be  an  advantage  in  the  circular 
fire  for  ordinary  work  as  well  as  heavy  wheel  work,  as  in  the  ordinary 
fires  the  time  and  work  lost  by  turning  the  iron  round  in  the  fire,  in 
order  to  heat  it  equally  on  all  side?,  were  considerable. 
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Mr.  Clift  inquired  whether  a  thicker  fire  was  required  to  prevent 
the  coals  being  blown  up,  when  a  vertical  blast  was  used,  as  in  the 
American  anthracite  fires  that  had  been  mentioned. 

Mr.  Hodge  replied  that  no  thicker  fire  than  usual  was  needed ;  the 
force  of  the  blast  on  entering  was  regulated  by  a  throttle-valve  on  a 
horizontal  spindle ;  this  was  placed  in  a  central  hole  at  the  bottom  of 
the  fire,  and  by  turning  it  round  occasionally  the  smith  could  drop  the 
ashes  settled  at  the  bottom  of  the  fire  into  a  chamber  below  the  valve, 
into  which  the  blast  entered  at  the  side  of  the  chamber,  leaving  space 
enough  below  for  the  ashes,  which  were  cleared  out  usually  at  the  end 
of  the  day,  or  oftener  if  required.  By  this  arrangement  all  difficulty  of 
keeping  the  tuyeres  clear  was  obviated. 

The  Chairman  then  proposed  a  vote  of  thanks  to  Mr.  Beyer  for  his 
paper,  which  was  passed. 


The  following  Paper,  by  Mr.  John  E.  Clift,  of  Birmingham,  was 
then  read : — 

ON    AX    IMPROVED    PRESSURE    GAUGE    FOR     STEAM 
AND  WATER. 

The  Pressure  Gauge  which  is  the  subject  of  the  present  commu- 
nication is  the  invention  of  Mr.  James  Webster,  of  Birmingham, 
and  appears  to  possess  some  practical  advantages  deserving  of 
notice. 

The  Gauge  acts  upon  the  principle  of  a  circular  elastic  plate 
receiving  the  pressure  on  one  side,  the  plate  being  fixed  round  the 
circumference,  and  registering  the  amount  of  pressure  by  the  extent 
to  which  it  is  displaced  or  bulged  in  the  centre.  The  extent  of 
motion  of  the  plate  is  multiplied  by  a  simple  contrivance,  and  com- 
municated to  an  index,  which  shows  the  amount  of  pressure  by  its 
revolution  round  a  dial. 

This  pressure  gauge  differs  from  others  acting  upon  the  same 
principle,  mainly  in  the  increase  of  the  area  of  the  plate  upon  which 
the  pressure  acts  and  in  the  mode  of  multiplying  the  motion,  which 
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appears   to   possess   some    advantages    in    simplicity,    directness   of 
action,  and  durability  of  the  parts. 

The  construction  of  the  gauge  is  shown  in  the  accompanying 
drawings,  Figs.  1,  2,  3,  and  4,  Plate  21  ;  specimens  are  also 
exhibited  of  the  different  forms  of  the  gauges,  complete,  and  with  the 
outer  case  removed  to  show  the  interior. 

Fig.  1  is  a  front  elevation  of  a  pressure  gauge  for  steam  or  water, 
extending  up  to  200  lbs.  per  square  inch,  drawn  one  quarter  full 
size. 

Fig.  2  is  a  sectional  elevation  of  the  same  with  the  dial  removed, 
drawn  half  full  size. 

Fig.  3  is  a  longitudinal  section  of  the  gauge,  half  full  size. 
A  is  the  pressure  plate,  consisting  of  a  circular  flat  plate  of 
tempered  spring  steel,  No.  18  wire  gauge,  or  about  l-20th  inch 
thickness  and  4  inches  clear  diameter,  or  12i  square  inches  area, 
in  the  central  unsupported  portion  upon  which  the  pressure  that 
has  to  be  measured  acts. 

This  plate  is  fixed  in  a  circular  cast-iron  frame  BC  by  screws 
round  the  circumference,  which  press  the  outer  ring  C  upon  the 
plate  and  make  a  tight  joint  at  the  back  of  the  plate  by  means  of  a 
thin  washer  of  vulcanised  indiarrubber. 

The  back  part  B  of  the  case  has  a  shallow  recess,  4  inches 
diameter,  communicating  by  a  channel  D  with  the  stop-cock  E  at 
the  bottom  of  the  gauge ;  and  this  recess  becomes  filled  with  water, 
from  condensation  of  the  steam,  when  employed  to  measure  steam 
pressure,  and  always  remains  full  of  water  on  account  of  the  chan- 
nel D  entering  at  the  top  of  the  recess,  thus  preventing  the  direct 
contact  of  the  steam  with  the  pressure  plate  A. 

A  small  steel  stud  F  is  fixed  in  the  centre  of  the  plate  A  by  a 
screw  and  nut,  and  is  formed  with  a  knife-edge  bearing  at  the  top, 
pressing  against  the  back  of  the  lever  G ;  this  is  centred  on  a 
bracket  H  at  one  end,  and  presses  upon  a  second  lever  I  by  a  knife- 
edge  bearing  at  the  other  end. 

The  sliding  bracket  H,  on  which  the  lever  G  is  centred,  is  fixed 
by  a  screw  upon  the  ring  C,  and  has  an  adjustment  by  a  slot,  as 
fhown  in  Fig.  2,  by  means  of  which  the  length  of  the  short  end  of 
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the  lever  from  the  point  of  contact  of  the  centre  stud  F  can  be  in- 
creased or  diminished  as  may  be  required. 

The  lever  I  terminates  in  a  fork  which  works  up  and  down  the 
central  spiral  L,  upon  the  extremity  of  which  is  fixed  the  index 
revolving  on  the  face  of  the  dial. 

The  fork  at  the  end  of  the  lever  I  is  shown  detached  in  Fig.  4, 
and  is  made  of  two  tapered  steel  rods  which  enclose  the  spiral  L,  and 
press  lightly  against  it  by  their  elasticity ;  the  ends  of  the  rods 
being  steadied  by  a  small  clip  joining  them  together. 

The  spiral  L  makes  one  turn  only  in  its  whole  length,  and  is 
gradually  tapered  and  shortened  in  the  pitch  towards  the  outer  end 
so  as  to  adapt  it  to  the  motion  of  the  levers,  and  give  a  uniform 
division  for  the  successive  pressures  indicated  upon  the  dial 

When  the  pressure  is  admitted  to  act  upon  the  back  of  the  steel 
plate  A,  the  plate  becomes  convex,  rising  in  the  centre  and  pressing 
by  the  knife-edge  stud  F  upon  the  lever  G,  which  multiplies  the 
motion  4  times;  and  this  pressing  on  the  second  lever  I  again 
multiplies  the  motion  4  times  (being  16  times  total)  at  the  end  of 
the  fork  acting  on  the  spiral  L.  This  fork  in  traversing  the  length 
of  the  spiral,  l|th  inch,  turns  the  index  entirely  round  the  dial, 
in  a  circle  of  16  inches  circumference.  The  total  amount  that  the 
pressure  plate  is  raised  or  bulged  to  produce  this  motion  of  16 
inches  is  l-16th  of  l|th  inch  (the  latter  being  the  motion  of  the 
forked  end  of  the  second  lever)  amounting  to  1-1 4th  inch  at  the 
centre  of  the  plate,  or  '07  inch. 

"When  the  pressure  is  removed,  the  plate  returns  to  its  original 
position,  and  becomes  again  quite  flat,  and  the  levers  are  retained 
in  close  contact  throughout  by  the  spring  M  pressing  on  the  second 
lever  I,  and  bringing  the  index  back  to  zero. 

In  this  pressure  gauge  the  working  parts  are  all  of  comparatively 
large  size,  having  consequently  an  advantage  in  strength  and  dura- 
bility ;  they  have  also  great  simplicity  in  construction  and  action, 
and  appear  very  free  from  liability  to  derangement  or  accident. 

The  pressure  plate  A  consists  of  a  simple  flat  disc,  and  this  form 
is  considered  by  the  inventor,  from  the  results  of  his  experiments, 
to  have  a  practical  advantage  over  corrugated   plates,  which  have 
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also  been  extensively  used  for  the  same  purpose,  on  account  of  the 
uniformity  with  which  the  flat  plates  can  be  tempered,  whilst  the 
corrugated  plates  are  liable  to  have  an  inequality  in  the  tempering, 
the  more  exposed  portions  at  the  tops  of  the  corrugations  being 
liable  to  be  softer  than  the  intermediate  portions. 

To  meet  the  unavoidable  variation  in  the  tempering  and  resist- 
ance of  the  steel  plates,  even  when  plain  flat  plates  are  used,  the 
position  of  the  fulcrum  of  the  first  lever  G  is  shifted  by  moving  the 
sliding  bracket  H,  by  means  of  which  the  range  of  the  instrument 
can  be  readily  adjusted.  Each  gauge  is  separately  adjusted  in  this 
way,  by  the  application  of  actual  pressure,  so  as  to  ensure  accuracy 
of  the  indication  in  each  case. 

The  steel  plates  are  all  capable  of  standing  more  than  double 
the  pressure  indicated  by  the  extreme  range  of  the  dial,  without 
receiving  any  permanent  set;  and  it  appears  from  an  extensive 
series  of  trials  made  by  the  inventor,  that  no  perceptible  change 
of  elasticity  is  produced  by  long  exposure  to  alternations  of  pressure 
and  continued  pressure  within  the  limit. 

A  difl'erent  thickness  of  plate  is  employed  for  gauges  having 
different  ranges  of  pressure,  the  area  of  plate  exposed  to  the  pres- 
sure being  the  same  in  all  cases,  namely,  12|  square  inches. 

^0.  18  wire  gauge,  or  about  l-20th  inch  thickness,  is  employed 
for  pressure  gauges  extending  to  200  lbs.  per  square  inch. 

No.  20  wire  gauge,  or  about  l-30th  inch  thickness,  for  60  lbs. 
per  square  inch. 

No.  23  wire  gauge,  or  about  l-40th  inch  thickness,  for  20 
lbs.  per  square  inch. 

The  extreme  deflection  of  the  plate  in  each  case  is  only  about 
•07  inch,  or  little  more  than  1-1 6th  inch. 

The  following  results  have  been  obtained  by  trial  of  the  plates 
under  successive  pressures  by  a  hydraulic  press,  the  pressxire  being 
measured  by  weights  upon  a  lever  multiplying  4  times. 

A  modification  of  this  pressure  gauge  is  shown  in  Figs.  5,  6,  and 
7,  Plate  22,  and  the  specimens  exhibited,  in  which  a  spring  is  em- 
])loyed  to  measure   the  pressure  at  the  end  of  a  safety  valve  lever, 
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as  in  an  ordinary  spring  balance,  and  the  indication  is  multiplied 
by  means  of  tlie  spiral  L,  without  the  intervention  of  any  lever. 
The  spiral  is  moved  by  the  forked  rod  I,  and  the  motion  is  com- 
municated to  the  revolving  index  by  the  bevilled  pinions  0. 

A  considerably  stronger  spring  than  usual  is  employed  in  this 
case  having  only  1;^  inch  extent  of  motion,  \v]iich  is  multiplied  to  a 
circumference  of  12  inches  upon  the  dial. 

The  advantage  aimed  at  in  this  balance  is  that  the  spring  does 
not  require  to  be  extended  so  much  as  in  the  ordinary  balance, 
owing  to  the  introduction  of  the  multiplying  spiral,  and  conse- 
quently the  steel  being  less  strained  is  less  liable  to  a  permanent 
set  in  the  course  of  long  work ;  also  the  indications  of  pressure  are 
rendered  more  plainly  visible  by  the  motion  of  the  inde.x  upon  the 
dial. 
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Another  adaption  of  the  spiral  is  shown  in  Figs.  8  and  9,  Plate 
22,  and  specimen  exhibited,  where  the  spiral  is  applied  to  the  indi- 
cation of  the  level  of  the  water  in  a  boiler  or  a  tank. 

A  hollow  copper  float  P  lies  upon  the  water,  the  level  of  which  is 
attached  to  a  forked  lever  I  at  right  angles  to  it,  which  works  upon 
the  spiral  L :  and  as  the  float  sinks  yviih  the  water,  the  lever  I  acting 
upon  the  spiral  L  causes  ihe  index  to  revolve  upon  the  dial. 

The  forked  end  of  the  lever  I  working  loosely  upon  the  spiral  and 
the  continual  motion  of  the  water  in  the  boiler  keeping  the  float 
and  spiral  in  constant  action,  prevent  any  tendency  to  stick  fast ;  and 
the  friction  is  confined  to  the  small  conical  collar  on  the  spindle  of 
the  spiral  passing  through  the  side  of  the  boiler,  by  means  of  which 
the  joint  is  kept  tight  by  the  internal  pressure. 

This  water  gauge  has  an  advantage  over  the  ordinary  glass  gauge 
in  the  indication  being  always  readily  seen,  as  when  the  water 
becomes  muddy  or  the  glass  soiled  the  level  is  not  so  easily  ascer- 
tained in  the  tube ;  also  by  enlarging  the  diameter  of  the  dial,  each 
inch  of  the  variation  in  the  level  of  the  water  in  the  boiler  can  be  mag- 
nified to  two  inches,  or  more  if  desirable. 


A  specimen  of  the  pressure  gauge  was  exhibited,  and  put  in  action  by 
means  of  a  force  pump ;  also  specimens  showing  the  construction  of  the 
gauges,  and  the  steel  plates  that  had  been  experimented  upon. 

The  Chairman  remarked  that  he  had  tried  the  improved  spring 
balance  that  had  been  described,  and  it  was  certainly  more  plainly  visible 
in  the  indications  of  pressure  than  the  ordinary  Salter's  spring  balance, 
but  he  did  not  see  that  it  was  superior  in  accuracy  or  durability  of  the 
spring ;  he  had  had  balances  of  Salter's  indicating  up  to  180  lbs.,  and 
they  were  not  found  to  get  set. 

Mr.  Clift  considered  Salter's  balance  was  liable  to  get  out  of  order, 
owing  to  the  extent  to  which  the  spring  was  stretched  which  caused  it 
to  be  liable  to  be  sometimes  strained,  and  consequently  rendered 
inaccurate  ;  he  thought  the  small  extent  of  motion  in  the  improved 
spring  balance  would  prevent  the  spring  from  getting  set  at  all. 
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The  Chairman  did  not  think  too  great  an  extent  of  motion  was 
allowed  to  the  spring  in  Salter's  balance,  as  he  had  not  found  any  cases 
of  these  balances  becoming  set  and  thrown  out  of  adjustment,  even  after 
being  a  long  time  in  use;  the  springs  were  very  excellently  tempered, 
and  the  least  likely  to  get  out  of  order  of  any  that  he  had  tried. 

Mt.  Joy  observed  that  range  of  indication  was  not  the  only  requisite 
in  a  spring  balance,  but  also  range  of  lift  for  the  valve  itself,  to  give 
free  relief  to  the  steam  blowing  off ;  if  the  range  were  shortened,  there 
would  not  be  sufficient  area  of  escape  for  the  surplus  steam,  and  the 
pressure  Avould  rise  considerably  beyond  the  limit  intended  to  be  used. 
He  had  known  the  pressure  rise  25  lbs.  during  blowing  off,  and  in  one 
case  Avhere  2h  inches  range  of  spring  had  been  allowed  for  a  limit  of 
120  lbs.  pressure,  the  increase  had  been  20  lbs.  during  the  blowing 
off. 

]\Ir.  Webster  remarked  that  the  dial  might  be  adapted  to  any  range 
of  spring  that  might  be  required,  by  simply  increasing  the  pitch  of  the 
multiplying  spiral 

Mr.  Hodge  thought  that  the  Diaphragm  pressure  gauges,  registering 
by  the  deflection  of  a  circular  steel  plate,  such  as  Schaeffer's  and  the  one 
described  in  the  paper,  were  quite  equal  to  any  in  use  ;  the  arrangement 
in  i\Ir.  AVebster's  gauge  appeared  very  good,  and  had  some  decided 
advantages  over  the  other  kinds  of  gauges  in  use. 

ISh.  Webster  observed  that  the  principal  feature  in  his  own  gauge 
was  the  use  of  a  larger  and  stronger  diaphragm,  in  consequence  of  which 
the  extent  of  motion  and  strain  upon  the  particles  of  the  plate  was  so 
much  diminished,  that  the  risk  of  permanent  set  by  constant  use  was 
prevented. 

The  Chairman  asked  to  what  extent  the  steel  plates  were  tempered. 

Mr.  Webster  replied  that  they  were  first  hardened,  and  then  tem- 
pered down  to  just  below  a  straw  colour,  so  that  the  file  would  just  touch 
them ;  the  gauge  was  then  adjusted  to  the  elasticity  of  the  plate,  by 
means  of  the  moveable  slot  carrying  the  end  of  the  first  multiplying  lever. 
All  the  plates  were  proved  by  a  hydraulic  press  up  to  double  the  pres- 
sure they  were  required  to  register. 

Mr.  Shipton  inquired  whether  the  india-rubber  cloth  at  the  back  of 
the  plate,  being  an  elastic  material,  was  not  found  to  yield  after  wear,  and 
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affect  the  fixing  and  adjustment  of  the  pressure  plate ;  and  he  asked 
■whether  the  gauge  had  been  tested  by  continual  exposure  to  high-pres- 
sure steam  for  a  considerable  time. 

Mr.  "Webster  stated  that  the  india-rubber  cloth  was  used  only  for  the 
joint  at  the  back  of  the  pressure  plate  ;  tin  and  lead  had  been  tried,  but 
the  cloth  was  found  to  be  preferable,  and  either  a  complete  disc  or  an 
annular  ring  was  employed.  The  cloth  got  fully  stretched  during  the 
testing  of  the  plate,  and  so  did  not  yield  any  more  afterwards  ;  the 
thickness  in  the  joint  was  so  small  that  it  could  not  alter.  Eacli 
gauge  was  tried,  when  made,  by  subjecting  it  repeatedly  to  a  pressure 
double  of  that  at  which  it  was  intended  to  be  worked,  which  would 
thoroughly  bring  all  the  parts  to  a  bearing.  He  had  tried  a  gauge  under 
a  constant  water-pressure  of  1-50  lbs.  per  inch  for  3  days  successively,  but 
did  not  find  any  yielding  of  the  india-rubber  joint. 

Mr.  RoFE  inquired  whether  the  india-rubber  cloth  was  not  liable  to 
get  burnt  by  the  high  temperature  of  the  steam. 

^Ir.  "Webster  replied  that  in  consequence  of  the  back  of  the  gauge 
being  always  kept  full  of  water,  by  means  of  the  syphon  passage  for  the 
admission  of  the  steam,  the  pressure  plate  was  always  protected  from 
contact  of  the  steam,  and  consequently  remained  cool,  so  that  the  cloth 
was  not  injured. 

The  Chairmax  remarked  that  the  present  pressure  gauges  were 
sometimes  found  to  lose  their  elasticity,  and  inquired  whether  this  was 
not  the  case  also  with  iMr.  "Webster's. 

Mr.  Webster  answered  that  when  the  plates  were  made  of  proper 
thickness,  suitable  to  the  pressure  required,  and  well  tempered,  they 
retained  their  elasticity,  and  exhibited  no  tendency  to  a  permanent  set 
after  long-continued  use.  The  plate  exhibited,  which  had  a  permanent 
set  of  "08  inch,  had  been  made  of  too  thin  metal ;  and  that  which  was 
burst  had  been  tempered  too  hard.  The  tempering  of  the  plates 
required  great  accuracy  and  certainty  in  pressure  gauges,  and  this 
could  be  more  perfectly  accomplished  with  the  thicker  plain  plates  that 
he  employed,  than  with  the  thinner  corrugated  plates,  which  he  had 
found  liable  to  be  rather  softer  at  the  tops  of  the  corrugations  than 
at  the  intermediate  portions.  The  thinner  plates  were  also  more  liable 
to  set  than  the  thicker  ones,  and  by  using  the  plates  of  Xo.  18  wire 
gauge  the  tendency  to  a  permanent  set  was  entirely  removed. 
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Mr.  Hodge  stated  that  the  Russian  engineers  appeared  to  be  in 
favour  of  diaphragm  gauges,  as  circular  steel  plates  had  been  adopted 
for  the  Government  pressure  gauges  ;  the  plates  were  of  large  size,  he 
believed  9  or  10  inches  diameter. 

Mr.  Clift  remarked  that  in  Schaeflfer's  pressure  gauge,  the  disc,  of 
about  24  wire  gauge,  was  corrugated  in  circular  corrugations,  but  in 
the  one  described  in  the  paper,  the  disc  was  flat  and  about  three  times 
the  area.  The  flat  discs  could  be  tempered  uniformly  throughout,  and  he 
had  been  struck  with  the  perfection  with  which  they  retained  their 
elasticity  in  the  several  severe  trials.  He  mentioned  that  the  pressure 
gauges  were  being  manufactured  by  Messrs.  Gray  and  Bailey,  of 
Birmingham. 

The  Chairman  observed  that  the  uniform  temper  of  the  elastic 
plate  was  a  point  of  great  importance  for  ensuring  permanent  accuracy, 
and  he  thought  this  advantage,  and  the  simplicity  of  its  construction, 
rendered  the  gauge  a  very  serviceable  instrument.  He  proposed  a 
vote  of  thanks  to  Mr.  Clift  for  the  paper,  and  to  Mr.  Webster  for  his 
specimens,  which  was  passed. 


The  following  Paper,  by  Mr.  Thomas  Richards,  of  Birmingham, 
was  then  read  : — 

OX  AX  EQUATORIAL  MOTIOX  FOR  TELESCOPES. 

The  object  of  the  apparatus  that  forms  the  subject  of  the  present 
paper,  is  to  provide  the  means  of  giving  a  self-acting  Equatorial 
Motion  to  an  ordinary  telescope,  so  as  to  enable  the  observer  to  keep 
any  celestial  body  in  the  field  of  view  by  a  simple  and  inexpensive 
addition  to  the  ordinary  telescope  and  stand,  and  without  requiring 
a  previous  knowledge  of  the  position  of  the  true  meridian,  or  the 
latitude  of  the  place  of  observation.  The  only  method  hitherto  of 
accomplishing  this  object,  has  been  by  means  of  a  permanent  fixed 
axis,  set  parallel  to  the  earth's  axis,  as  is  the  case  in  fixed  obser- 
vatories, where  both  the  position  of  the  true  meridian  and  the 
latitude  of  the  place  of  observation  have  been  previously  ascertained ; 
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but  with  the  apparatus  about  to  be  described,  the  preparation  of  tlie 
instmment  occupies  only  a  few  minutes,  and  can  be  readily 
effected  at  the  time  by  any  observer. 

This  apparatus  may  consequently  be  not  inappropriately  called 
"  the  Portable  Observatory, "  as  it  enables  any  one  possessinj;  an 
ordinary  telescope  mounted  on  a  tripod  stand  to  make  a  continuous 
observation  of  a  celestial  body,  wherever  he  may  happen  to  be,  with- 
out having  to  touch  the  telescope  after  having  once  brought  the 
object  into  the  field  of  view. 

The  apparatus  complete  is  before  the  meeting,  and  is  also  repre- 
sented in  the  drawings,  Plate  23,  Figs.  1,  2,  and  3. 

In  order  to  obtain  an  equatorial  motion  for  the  telescope,  the 
first  thing  to  be  done  is  to  set  the  axis  about  which  it  is  to  turn 
truly  parallel  to  the  earth's  axis,  because  then  any  point  in  the  axis 
of  the  telescope  itself  will  move  truly  parallel  to  the  equator,  at 
whatever  elevation  the  telescope  may  be  set. 

For  this  purpose,  on  an  ordinary  tripod  stand  A,  Figs.  1  and  2, 
is  mounted  a  tube  E,  shown  in  section,  in  such  a  manner  as  to 
admit  of  both  a  horizontal  and  vertical  angular  motion,  both  of  which 
can  be  firmly  clamped  in  any  position.  In  order  to  adjust  the 
instrument  suitably  for  the  equatorial  motion  required,  a  small  finder- 
telescope  C  is  first  inserted  in  the  tube  B,  being  made  to  fit  it 
accurately  by  means  of  bell-metal  collars  fitting  into  corresponding 
bearings  at  the  ends  of  the  tube.  The  diaphragm  which  circum- 
scribes the  field  of  view  of  the  finder  has  its  centre,  of  course,  in  the 
axis  of  the  finder ;  its  diameter  is  2°  57',  being  double  the  north 
polar  distance  of  the  Polar  star ;  consequently  the  field  of  view  of 
the  finder,  shown  by  the  dotted  lines  in  Fig.  2,  takes  in  a  circle 
exactly  equal  to  that  apparently  described  by  the  Pole  star  round  the 
pole ;  and  therefore,  when  the  circle  described  by  the  Pole  star 
coincides  with  the  circumference  of  the  field  of  view  of  the  finder, 
the  axis  of  the  finder  will  be  parallel  to  that  of  the  earth. 

In  order  to  make  the  circle  described  by  the  Pole  star  coincide 
with  the  circumference  of  the  field  of  view  of  the  finder,  a  small 
brass  sector  or  arm  D,  shown  in  elevation  in  Fig.  3,  is  slipped  ovei 
the  finder  a^  shown  in  Fig.   2,  having  two  small  holes  in  it  and  a 
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narrow  radial  or  longitudinal  slit,  which  serves  the  purpose  of  an 
index.  "When  two  of  the  stars  of  the  Great  Bear  constellation,  namely, 
i  and  ^  Urspe  Majoris,  are  seen  through  the  two  small  holes  of  the 
sector,  by  the  eye  of  the  observer  at  E,  then  the  longitudinal  slit  or 
index  points  out  that  point  of  the  edge  of  the  field  of  view  of  the 
finder,  to  which  the  Pole  star  must  be  brought  by  adjusting  the 
finder  by  hand.  This  point  will  be  apparently  the  one  on  the  same 
side  as  the  two  stars  e  and  ^,  since  the  position  of  the  Pole  star, 
which  in  reality  is  on  the  opposite  side  of  the  pole  to  the  two  stars 
above  named,  is  inverted  by  the  finder,  which  is  a  small  ordinary 
astronomical  telescope.  "\^lien  the  finder  is  so  adjusted  that  the 
Pole  star  is  seen  at  the  point  thus  indicated,  at  the  same  time  that 
the  two  stars  s  and  ^  are  seen  through  the  two  holes  in  the  sector 
D,  then  the  axis  of  the  finder,  and  consequently  of  the  tube  B  encas- 
ing it,  is  parallel  to  the  earth's  axis.  The  horizontal  and  vertical 
motions  of  the  tube  B  are  then  clamped. 

The  accuracy  of  the  adjustment  may  be  tested  by  turning  the 
finder  C  round  its  own  axis,  when  the  Pole  star  ought  to  remain 
stationary  at  the  same  point  in  the  circumference  of  the  field  of  view. 
If  this  be  not  the  case,  the  adjustment  must  be  corrected  according 
to  the  deviation  of  the  Pole  star  from  a  stationary  position. 

The  finder  C  with  the  sector  D  is  now  removed,  and  the  axis  F  of 
the  large  telescope  G  is  inserted  in  the  tube  B,  as  shown  in  Fig.  1.  The 
axis  F  is  made  to  fit  the  tube  accurately,  in  the  same  manner  as  the 
finder  C,  by  means  of  bell-metal  collars  fitting  accurately  into  the  cor- 
responding bearings  at  the  ends  of  the  tube.  Any  point  in  the  axis  of 
the  telescope  will  now  move  truly  parallel  to  the  equator,  whatever 
inclination  it  may  have  to  its  axis  F  ;  and  consequently,  when  directed 
to  any  celestial  body,  it  will  truly  follow  the  apparent  course  of  that 
body,  if  turned  round  about  the  axis  F  at  a  fixed  inclination  and  at  a 
suitable  uniform  rate  of  motion. 

To  produce  the  required  motion,  the  Right  Ascension  Circle  or  wheel 
His  fixed  on  the  end  of  the  axis  F ;  and  underneath  the  stand  A  is  placed 
a  cylindrical  pan  of  water  I,  containing  the  float  K,  the  gradual  descent 
of  which,  as  the  water  runs  out,  communicates  motion  to  the  right  ascen- 
sion circle  H,  by  means  of  the  rod  L  passing  over  the  pulley  M.     The 
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•water  runs  out  of  the  pan  I  through  the  syphon  X,  which  is  carried  by 
the  float  K,  so  that  the  surface  of  the  water  is  lowered  at  a  uniform  rate, 
the  syphon  descending  with  the  water.  This  portion  of  the  apparatus 
is,  in  fact,  simply  a  revival  of  the  ancient  clepsydra. 

The  right  ascension  circle  H  has  two  grooves  on  its  rim,  the  upper  of 
which  is  exactly  24  inches  in  circumference,  and  the  lower  25  inches 
nearly,  these  numbers  being  in  the  proportion  of  the  sidereal  to  the 
mean  lunar  day.  If  the  motion  of  the  moon  is  to  be  observed,  the 
cord  L  is  placed  in  the  lower  groove  ;  if  that  of  a  star,  in  the  upper  ;  it 
is  slightly  tightened  in  the  groove  by  means  of  a  small  damp,  and  the 
loose  end  hangs  by  a  plummet  over  a  pulley  fixed  in  one  of  the  legs  of 
the  stand.  The  thickness  of  the  cord  should  be  twice  the  depth  of  the 
grooves.  The  pulley  M  can  be  raised  and  lowered,  so  as  to  be  always  in 
the  plane  of  the  right  ascension  circle  H,  when  the  latitude  of  the  place 
of  observation  is  changed. 

The  pan  I  is  about  18|  inches  in  diameter;  it  contains  95|  pints 
in  a  depth  of  12  inches.  This  quantity  of  water  should  be  run  off  by 
the  syphon  X  in  12  sidereal  hours.  The  rate  (which  should  be  adjusted 
while  the  telescope  is  in  motion)  is  determined  by  raising  or  lowering  the 
syphon  by  means  of  a  rack  and  pinion  fixed  to  the  float  K.  "When  ad- 
justed, the  syphon  must  deliver  1  gallon  in  1  mean  solar  hour,  or  1  pint 
in  7h  minutes. 

AVhen  the  syphon  is  first  set  in  action,  no  motion  will  be  imparted 
to  the  telescope,  until  the  cord  L  is  stretched  sufficiently  to  overcome 
the  friction  of  the  collars  of  the  axis  F  in  the  tube  B,  and  the  inertia 
of  the  instioiment.  A  stop-cock  0  is  therefore  provided,  which  is  opened 
just  at  starting,  thereby  causing  the  float  to  sink  rapidly ;  as  soon 
as  the  body  to  be  observed  appears  in  the  centre  of  the  field  of  view,  the 
stop-cock  is  closed,  and  then  the  action  of  the  syphon  alone  gives  suffi- 
cient motion  to  the  telescope  to  cause  the  body  to  remain  apparently 
stationary  in  the  field  of  view. 

As  it  is  found  that  difi'erences  intlie  temperatureof  the  wa tor  occasion 
some  little  variation  of  rate  in  the  quantity  delivered  by  the  syphon,  the 
rack  and  pinion  should  be  graduated  for  such  differences ;  or  a  self- 
regulating  clepsydra  might  be  constnicted  either  by  using  two  cisterns 
and  two  syphons,  one  of  the  latter  acting  as  a  supply-pipe  to  the  cistern 
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containing  the  float  connected  with  the  telescope,  in  -which  case,  since 
the  difference  in  temperature  affects  both  syphons  alike,  the  difference 
in  the  rate  of  flow  through  them,  which  determines  the  rate  of  descent 
of  the  float,  remains  constant ; — or  if  one  cistern  only  be  used,  by  a 
thermometer  carrying  a  piston  attached  to  the  syphon,  the  bulb  of  the 
thermometer  being  fixed  underneath  the  float. 

If  the  telescope  be  not  well  balanced  about  its  centre  of  gravity,  more 
or  less  Aveight  will  be  required  to  move  it,  as  its  direction  is  varied,  and 
consequently  its  motion  will  not  be  uniform.  If,  however,  the  float  cover 
a  large  surface  of  water,  and  the  syphon  when  adjusted  for  the  mean 
temperature  be  immersed  to  some  depth  below  the  surface,  no  percep- 
tible variation  of  rate  wiU  be  occasioned. 

The  action  of  the  clepsydra  produces  a  smoothness  of  motion  not  to 
be  surpassed,  and  might  be  adapted  with  advantage  to  the  requirements 
of  an  observatory,  more  especially  as  its  rate  may  be  so  readily  brought 
under  the  immediate  control  of  the  observer. 

It  is  to  be  remarked,  that,  independently  of  its  application  to 
the  production  of  equatorial  motion,  the  instrument  above  described, 
or  more  correctly  the  portion  first  described  and  exclusive  of  the  clepsydra 
and  of  the  parts  connected  with  it,  is  designed  to  show  a  new  and  simple 
method  by  which  an  extended  wire,  the  axis  of  a  tube,  or  of  a  telescope, 
may  be  made  parallel  to  the  earth's  axis,  to  a  sufficient  degree  of  accuracy 
to  render  it  available  for  astronomical  observations. 

Other  simpler  forms  might  be  adopted,  by  which  one  telescope  only 
need  be  used,  or  a  telescope  and  its  finder ;  in  the  latter  case,  the  finder 
having  a  field  of  view  of  2°  57'  would  enable  the  observer  to  determine 
the  polar  axis,  and  might  be  so  mounted  as  not  to  require  to  be  removed 
when  the  adjustment  had  been  made.  Where  very  powerful  telescopes 
are  used,  the  smaller  one,  for  finding  the  polar  axis,  might  have  a  field 
of  view  of  3°,  and  the  exact  position  of  the  Pole  star  within  the  circum- 
ference might  be  determined  by  a  micrometer  adapted  for  the  purpose  ; 
this  would  admit  of  the  requisite  correction  being  made  for  refraction. 
Such  a  telescope,  attached  in  the  .same  manner  as  a  finder  to  the  present 
Polar  axes  in  observatories,  would  serve  to  test  the  accuracy  of  their 
position ;  while  in  Fraunhofer's  form  of  Equatorial,  (which  is  so  arranged 
that  the  telescope  will  reach  every  part  of  the  heavens  without  being 
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interrupted  Ly  the  framing  or  stand  on  "which  it  is  carried,)  it  might  be 
substituted  for  the  Polar  axis,  whereby  the  optical  axis  of  one  telescope 
•would  be  made  the  fixed  axis,  about  which  the  other  telescope  would 
revolve. 


Mr.  HoPKTN's  exhibited  his  instrument  to  the  meeting,  and 
illustrated  the  method  of  adjustment,  and  mode  of  action. 

The  Chairsian  observed  that  it  was  undoubtedly  a  great  advan- 
tage to  be  able  to  obtain  a  self-acting  motion  for  an  ordinary  tele- 
scope, and  by  such  a  simple  method  as  that  proposed,  the  gradual 
descent  of  the  water  in  the  cylindrical  pan,  which  was  a  beautiful 
mechanical  contrivance  for  obtaining  a  regular  and  steady  motion  ; 
and  the  addition  of  the  apparatus  to  the  ordinary  telescope  would 
greatly  extend  its  utility. 

'Mi.  Hopkixs  said  he  had  found  the  instrument  of  great  use  in 
observations  on  the  celestial  bodies,  and  it  answered  the  purpose 
intended  very  completely ;  the  rate  of  the  syphon  was  in  practice 
set  slightly  slower  than  that  of  the  stars,  so  that  in  case  the  observer 
left  the  telescope  for  a  time,  and  on  returning  to  it,  found  that  the 
body  he  had  been  observing  was  no  longer  in  the  field  of  view,  he 
would  know  that  it  must  be  in  advance  of  the  telescope,  and  he  had 
simply  to  open  the  cock  at  the  side  of  the  pan,  and  run  off  a  little 
more  of  the  water,  when  the  telescope  would  directly  overtake  the 
body,  and  the  latter  would  again  appear  in  the  field-  The  two 
grooves  in  the  right  ascension  circle  enabled  the  observer  to  adapt 
liis  telescope  to  the  moon  or  the  stars,  with  the  same  adjustment  of 
the  syphon ;  if  there  were  only  one  groove,  the  syphon  would  have 
to  be  readjusted  separately  for  the  moon  and  stars,  which  would  be 
a  troublesome  process. 

The  Chairman  asked  whether  a  very  large  quantity  of  water 
would  not  be  required,  or  a  frequent  filling  up  of  the  cistern,  in  the 
case  of  large  instruments,  in  order  to  overcome  the  variable  friction 
of  the  moving  parts,  and  insure  a  steady  motion ;  if  this  were  re- 
quired, the  apparatus  would  then  become  inconveniently  large. 

Mr.  Hopkins  replied  that  where  large  telescopes  were  used,  they 
might  easily  be  so  balanced  about  the  axis  of  motion,  as  to  render  the 
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friction  to  be  overcome  by  tlie  descending  weight  very  nearly  uniform. 
In  the  case  of  large  instruments,  he  would  also  propose  placing  the 
syphon  in  a  large  detached  tank,  in  any  convenient  protected  situation, 
and  connecting  the  water  by  a  gutta-percha  tube  with  the  small  pan 
attached  to  the  telescope  to  impart  the  motion. 

The  Chairman  inquired  whether  diflPerence  in  the  temperature  of 
the  water  did  not  affect  the  motion  communicated  to  the  telescope. 

Mr.  Hopkins  stated  that  he  had  found  by  careful  experiment  that 
the  difference  of  temperature  had  no  perceptible  effect,  when  the  bore 
of  the  syphon  was  more  than  J  inch  in  diameter ;  but  when  less  than 
that,  the  difference  did  affect  the  rate  of  flow  through  the  syphon.  With 
a  syphon  3-16ths  inch  bore,  at  62°  Fahr.,  1  pint  of  water  flowed  through 
in  151  seconds  ;  but  at  82°  the  same  quantity  flowed  through  iu  134 
seconds  ;  being  a  diminution  of  17  seconds  in  the  time,  for  an  increase 
of  20°  in  the  temperature. 

Mr.  OsLER  said  he  had  seen  the  apparatus  in  operation  on  the 
previous  day,  and  its  action  was  very  perfect  and  steady  ;  he  thought  a 
simple  and  inexpensive  equatorial  motion  was  a  great  desideratum  for 
ordinary  telescopes  ;  the  clock -motion  that  was  employed  for  the  purpose 
was  expensive,  and  beyond  the  reach  of  observers  in  general.  This  motion 
was  generally  adjusted  slightly  too  fast,  and  was  retarded  by  a  check-string 
held  in  the  observer's  hand,  whenever  required  to  bring  the  object  into 
the  field  of  view  ;  in  Mr.  Hopkins'  apparatus,  the  adjustment  was  effect- 
ed in  the  contrary  way,  by  accelerating  the  motion  when  required  by 
means  of  the  regulating  cock  at  the  bottom  of  the  pan.  The  objection 
most  likely  to  be  made  to  Mr.  Hopkins'  plan  was  that  the  water  wouiil 
freeze,  when  observations  were  made  out  of  doors,  as  was  most  convenient 
in  many  cases  ;  but  this  might  not  prove  any  serious  difficulty.  In  an 
observatory,  the  temperature  might  be  kept  up  by  artificial  means,  but 
this  was  objectionable,  for  the  reason  that  the  heated  air,  rising  from  the 
room,  caused  a  flicker  in  the  field  of  view.  He  suggested  that  the  differ- 
ence in  the  velocity  of  flow  through  the  syphon,  under  different  temper- 
atures, was  due  to  the  difference  in  the  density  of  the  water,  the  water 
becoming  more  fluid  as  its  density  was  diminished  by  heat  and  more 
viscid  as  it  Avas  increased  by  cold. 

^Ir.  Hopkins  said  he  had  never  experienced  any  difficulty  from 
the  freezing  uf  the  water,  and  in  ordinary  cases  it  was  not  likely  an  ob- 
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server  would  remain  at  the  instrument  so  long  as  would  be  requisite 
for  the  water  to  be  cooled  down  to  the  freezing  point ;  and  even  if 
it  were  desirable  in  severe  weather  to  provide  specially  against  this, 
it  could  be  readily  done  by  the  addition  of  a  little  hot  water  in  the 
pan,  to  raise  the  temperature  at  first ;  and  the  only  inconvenience 
resulting  would  be  the  slight  diminution  in  the  rate  of  motion  as 
the  water  cooled,  which  would  be  an  error  on  the  right  side,  as  it 
would  be  instantly  rectified  by  slightly  opening  the  extra  discharge 
cock  at  the  bottom  of  the  pan. 

Mr.  S.  Lloyd,  jun.,  suggested  that  salt  water  might  be  used  in 
the  pan  as  less  liable  to  freeze. 

Mr.  Hodge  thought  the  apparatus  was  very  ingenious,  and  a 
beautiful  mode  of  giving  a  smooth  regular  motion  ;  he  did  not  think 
any  difficulty  from  freezing  need  be  apprehended,  as  various  liquids 
might  be  employed,  such  as  a  mixture  of  alcohol  and  water,  which 
would  prevent  the  risk  of  freezing. 

Mr.  W.  E.  Wills  said  he  had  liad  an  opportunity  of  examining 
the  instrument  in  operation,  and  had  been  much  surprised  and 
pleased  with  the  perfect  uniformity  of  motion  communicated  by  the 
flow  of  the  water  ;  uniformity  of  movement  having  been  obtained,  he 
thought  that  the  action  of  the  machine  would  be  smoother  than  that 
of  any  clock-motion.  He  had  not  had  an  opportunity  of  observing  a 
star  with  the  instrument,  but  had  watched  its  steady  and  almost 
imperceptible  motion  in  traversing  across  a  stationary  object. 

The  Chairman  remarked  that  it  was  essential  that  the  body 
observed  should  appear  quite  stationary  in  the  field  of  view,  which 
could  only  be  eff"ected  by  securing  a  perfectly  uniform  and  steady 
motion  for  the  telescope,  and  this  appeared  to  have  been  effectually 
accomplished  by  Mr.  Hopkins,  and  the  simplicity  of  his  apparatus 
was  a  great  recommendation. 

He  proposed  a  vote  of  tlianks  to  Mr.  Hopkins,  which  was  passed. 

The  Chairman  announced  the  presentation  to  the  Institution 
Library  of  the  Lowell  Hydraulic  Experiments,  by  Mr,  James  B. 
Francis,  of  Lowell,  U.S.  ;  and  of  a  large  Drawing  of  the  Pumping 
Engine  of  the  "Wolverhampton  "Water  "Works,  by  Mr.  Henry 
Marten,  of  Wolverhampton. 

The  Meeting  then  terminated. 
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PROCEEDINGS. 


October  24,  1855. 


The  General  Meeting  of  the  Members  was  held  at  the  house 
of  the  Institution,  Newhall  Street,  Birmingham,  on  Wednesday, 
24th  October,  1855;  William  Fairbairn,  Esq.,  F.RS.,  President, 
in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  by  the 
Secretary,  and  were  confirmed. 

The  Chairman  announced  that  according  to  the  rules  of  the 
Institution,  the  President,  Vice-Presidents,  and  five  of  the  Council 
in  rotation  would  go  out  of  office  in  the  ensuing  year ;  and  that  at 
the  present  Meeting  the  Council  and  Officers  were  to  be  nominated 
for  the  election  at  the  next  Annual  Meeting. 

The  following  list  of  Members  was  adopted  by  the  Meeting  for 
the  election  at  the  next  Annual  Meeting. 

president. 
Joseph  Whitworth,  Manchester. 

VICE-PRESIDENTS. 

(Six  of  the  number  to  be  elected.) 
Samuel  H.  Blackwell,  Dudley. 
William  Fairbairn,  Manchester. 
Benjamin  Fothergill,  Manchester. 
John  Henderson,  Birmingham. 
Sampson  Lloyd,  Wednesbury. 
James  E.  McConnell,  Wolverton. 
John  Penn,  London. 
John  Scott  Russell,  London. 
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COUNCIL, 

(Five  of  the  number  to  he  elected.) 

Charles  Beyer,  Manchester. 
John  E.  Clift,  Binningliam. 
Alexander  B.  Cochrane,  Dudley. 
Benjamin  Fothergill,  Manchester. 
Sir  Charles  Fox,  London. 
Edward  Jones,  LiverpooL 
John  Ramsbottom,  Manchester. 
Archibald  Slvte,  Middlesboro'. 


The  following  Paper,  by  ^Ir.  George  M.  Miller,  of  Dublin,  was 
then  read :  — 

DESCRIPTION  OF  A  NEW  EXPANSIVE  VALVE  MOTION 
FOR  STEAM  ENGINES. 

The  object  of  the  valve  motion  described  in  the  present  paper  (the 
invention  of  Mr.  John  "Wakefield,  of  the  Great  Southern  and  Western 
Railway,  Dublin),  is  to  obtain  an  expansive  action  more  simple  and 
more  perfect  than  the  motion  usually  employed,  the  whole  motion  being 
obtained  from  a  single  eccentric  upon  the  crank  shaft. 

The  general  arrangement  of  this  valve  motion  consists  of  an 
eccentric,  which,  instead  of  being  keyed  upon  the  axle  in  the  ordinary 
manner,  is  mounted  upon  a  transverse  slide,  which  is  capable  of  being 
moved  at  right  angles  to  the  axle  by  means  of  a  handle  that  takes  the 
place  of  the  ordinary  reversing  handle  or  lever.  The  effect  of  moving 
the  transverse  slide  is  to  alter  the  throw  of  the  eccentric  or  to  reverse 
its  position,  thereby  enabling  the  valve  of  the  one  engine  or  cylinder 
to  which  it  belongs  to  be  worked  expansively  or  reversed.  The  valve 
of  the  second  engine  or  cylinder  (in  the  case  of  the  usual  pair  with  cranks 
at  right  angles  to  each  other)  is  worked  by  a  second  rod  connected  with 
the  same  eccentric  by  means  of  an  arm  projecting  at  right  angles  to  the 
direction  of  the  first  eccentric  rod,  so  as  to  give  to  both  valves  a  similar 
motion,  but  corresponding  to  the  relative  position  of  the  two  cranks  at 
right  angles  to  each  other. 


VALVE    MOTION.  147 

The  constructiou  of  tliis  apparatus  is  shown  in  Plates  24  and  25, 
which  represent  it  as  applied  to  a  locomotive  engine. 

Fig.  1,  Plate  24,  is  a  plan  of  the  valve  motion. 

Fig.  2  is  a  longitudinal  elevation  of  the  axle,  showing  the  valve 
motion  in  section. 

Figs.  3,  4,  and  5,  Plate  25,  are  transverse  sections  of  the  axle, showing 
in  detail  the  different  portions  of  which  the  valve  motion  is  composed. 

Fig.  7  is  a  general  view  to  a  smaller  scale. 

All  the  figures  show  the  apparatus  in  the  position  of  full  backward 
gear. 

Upon  the  crank  axle  A,  Figs.  1  and  2,  and  close  up  against  one  of 
the  cranks,  is  fitted  a  concentric  collar  B,  fixed  to  the  axle  either  by 
keys,  or  by  screws  tapped  into  the  crank  cheek  through  lugs  cast  on  the 
collar  on  the  side  next  the  crank.  On  the  other  side  of  the  collar  are 
cast  two  parallel  bevilled  slides,  shown  in  Fig.  6,  situated  trans- 
versely and  equidistant  from  the  centre  of  the  axle.  Upon  these  is 
fitted  a  corresponding  sliding  frame  C,  carrying  a  circular  ring 
cast  upon  it  projecting  from  its  face,  which  is  situated  not  equidistant 
between  the  two  parallel  slides,  but  is  set  eccentrically,  that  is, 
nearer  to  one  slide  than  to  the  other,  by  the  amount  of  the 
minimum  throw  of  the  eccentric.  The  circular  ring  on  the  frame  C 
thus  takes  the  place  of  the  ordinary  eccentric,  and  is  fitted  with  the 
eccentric  strap  D,  on  the  front  edge  of  which  is  forged  the  end  of  the 
rod  E,  by  means  of  which  the  spindle  of  one  of  the  valves  is  worked. 
On  the  back  edge  of  the  eccentric  strap,  and  in  the  same  straight  line 
with  the  eccentric  rod,  is  forged  the  slotted  arm  F,  having  a  horizontal 
slot  fitted  with  a  slide  block.  In  this  is  inserted  a  pin,  projecting  from 
the  arm  G  of  the  loose  ring  H,  concentric  with  the  axle  and  working  in 
a  groove  in  the  fixed  collar  B  previously  described.  The  ring  H  is 
furnished  Avith  a  second  arm,  at  right  angles  to  the  arm  G,  and  also 
with  a  balance  weight  I.  To  the  second  arm  is  attached  a  rod  K, 
similar  to  the  eccentric  rod  E,  by  which  the  spindle  of  the  sejond  valve 
is  worked. 

The  transverse  section.  Fig.  3,  shows  in  detail  the  loose 
concentric  ring  H  on  the  fixed  collar  B,  the  arm  G  with  the 
projecting  pin,  and  the  second  arm  at  right  angles  to  G,  with  the  rod 
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K  attached ;  also  the  halance  ■weight  I  on  the  opposite  side  to  the 
arm  G.  Fig.  5  shows  in  detail  the  sliding  eccentric  ring,  fitted  with 
the  eccentric  strap  D,  on  the  back  edge  of  which  is  the  slotted  arm  F 
with  the  slide  block. 

The  reversing  action  is  effected  by  the  lever  L,  Fig.  2,  which  is 
worked  by  means  of  an  ordinary  reversing  handle.  The  lever  L  is 
attached  to  a  loose  strap  or  clutch,  fitting  in  a  groove  in  the  collar  M, 
which  is  free  to  slide  along  tlie  axle,  but  is  caused  to  revolve  with  it  by 
means  of  the  two  feathers  K  X,  Fig.  5.  The  collar  M  carries  two  racks, 
which  drive  the  two  pinions  0  0.  Fig.  4.  These  pinions  are  screwed 
internally  to  fit  on  two  large  four  threaded  screws,  which  are  secured  in 
the  sliding  frame  C  previously  described.  The  pinions  0  0  are  placed  in 
cavities  in  the  fixed  collar  B,  and  thus  are  incapable  of  any  lateral 
motion.  In  reversing  the  engine,  the  collar  M  is  caused  to  slide  along 
the  axle  by  means  of  the  lever  L,  and  the  racks  cause  the  pinions  0  0 
to  rotate;  the  screws  being  held  in  the  slidingframeCso  as  to  be  incapable 
of  turning,  a  transverse  motion  is  communicated  to  the  frame,  which, 
with  the  eccentric  ring  attached  to  it,  is  carried  along  the  parallel 
slides,  thus  reversing  the  position  of  the  eccentricity.  The  reversing 
lever  is  moved  with  greater  facility  than  is  usually  the  case  with  the  link 
motion. 

"When  the  eccentric  ring  is  giving  the  greatest  horizontal  motion  to 
the  eccentric  rod  E,  the  slotted  arm  F  has  its  least  vertical  motion,  and 
consequently,  since  it  is  the  vertical  motion  alone  of  the  slot  which 
affects  the  arm  G,  the  latter  is  at  this  time  stationary,  and  therefore  the 
arm  at  right  angles  to  it  is  also  stationary,  and  the  rod  K  has  no  hori- 
zontal motion.  In  like  manner,  when  the  eccentric  rod  E  has  no 
horizontal  motion,  it  has  the  greatest  vertical  motion,  as  also  has  the 
slot  F,  and  this  being  communicated  through  the  right-angled  arms  of 
the  ring  H,  causes  the  rod  K  to  have  its  greatest  horizontal  motion. 

It  has  to  be  observed  that  with  this  motion  the  engine  can  never 
be  thrown  entirely  out  of  gear.  "When  the  engine  is  reversed,  the 
centre  of  the  eccentric  describes  a  cliord  line  (Figs.  4  and  5),  not  the 
diameter  of  the  circle  of  eccentricity,  and  consequently  the  mini- 
mum to  which  the  throw  can  be  reduced,  is  the  distance  of  this 
chord  line  from  the  centre  of  the  axle,  or  the  sum  of  the  lead  and 
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lap  of  the  slide ;  but  the  same  circumstance  applies  to  the  ordinary- 
link  motion,  and  although,  for  this  reason,  the  expansive  action  of 
the  steam  cannot  be  extended  indefinitely,  yet  practically  this  is  no 
objection  to  the  valve  motion,  since  between  the  positions  of  maxi- 
mum and  minimum  throw,  it  admits  of  as  great  a  range  for  the 
application  of  the  expansive  principle  as  can  be  made  practically- 
available  where  the  link  motion  is  employed. 

In  the  new  valve  motion  the  lead  is  constant  for  all  positions  of 
gear,  whilst  in  the  ordinary  or  shifting  link  motion  it  varies  to  a 
certain  extent  with  every  change  of  position,  increasing  as  the  throw 
of  the  valve  diminishes ;  in  the  new  valve  motion,  accordingly,  the 
expansive  action  alone  is  altered  by  regulating  the  amount  of  throw, 
whilst  the  lead  is  not  affected  by  the  change. 

•  A  modification  of  the  above  valve  motion  is  applicable  to  sta- 
tionary- and  marine  engines,  in  which  a  bell-crank  lever  is  introduced, 
for  the  purpose  of  giving  the  motion  to  the  second  valve  rod  in  a 
position  parallel  to  the  first,  instead  of  an  inclined  position  as  before 
described  ;  see  the  rod  K,  Fig.  3. 

The  simplest  arrangement  would  be  to  have  the  two  cylinders 
placed  at  right  angles  to  each  other,  working  upon  the  same  crank 
pin ;  in  this  case  the  two  valve  rods  Avould  be  worked  direct  by  the 
one  eccentric,  their  direction  at  right  angles  to  each  other  obviating 
the  necessity  for  the  intermediate  arms  or  levers  introduced  in  the 
former  arrangements. 

A  practical  trial  of  this  valve  motion  has  been  made  in  two 
locomotive  engines  on  the  Great  Southern  and  "Western  Railway, 
which  have  been  working  with  it  li  year  and  1^  year  since  March 
and  July,  1854. 

One  of  these,  a  Passenger  engine,  is  fitted  with  the  new  motion 
as  shown  in  the  drawings  and  model.  In  the  other,  a  Goods  engine, 
a  slight  modification  has  been  made,  the  construction  being  sim- 
plified by  dispensing  with  the  slotted  arm  F,  projecting  from  the 
back  edge  of  the  eccentric  strap  D,  and  subsituting  a  similar  slot 
in  the  eccentric  rod  E  ;  the  arm  G  of  the  loose  concentric  ring  H 
is  thus  brought  round  to  the  front,  and  the  balance  weight  I  is 
placed  behind. 
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The  Passenger  engine,  No.  9,  lias  15  inch  cylinders  with  a  20 
inch  stroke,  and  5  ft.  6  ins.  driving  wheels ;  it  has  been  working 
regularly  between  Dublin  and  Thurles  (a  distance  of  87  miles),  with 
two  other  engines,  Nos.  17  and  19,  by  the  same  maker,  and  similar 
in  all  respects,  except  that  they  are  furnished  with  the  ordinary  link 
motion. 

The  results  of  the  working  of  these  three  engines  during  the 
1|  year  from  the  18th  March,  1854,  to  12th  October,  1855,  are  as 
follows  : — 


Miles  run. 

Ko.    9 

44,450 

Xo.  17 

42,741 

]S^o.  19 

27,194 

Coke  per  mile, 
lbs. 

.     20-3     ...      . 

Average  load 
Carriages. 

60 

.     23-6     ...     . 

5-9 

.     24-9     ...     . 

5-8 

.     24-25   ...     . 

5-85 

.     20-03  ...     . 

6-00 

Mean  with  link  motion 
Mean  with  new  valve  motion 
The  carriages  are  six-wheeled,  and  weigh  seven  tons  empty. 

A  comparison  of  the  results  of  the  performance  of  these  engines  for 
the  periods  before  stated  shows  an  average  saving  in  consumption  of 
coke  of  4|lbs.  per  mile  or  17|  per  cent,  in  favour  of  the  engine  having 
the  new  valve  motion. 

TheGoods  engine,  Xo.  53, has  worked  well,  but  the  variable  character 
of  the  work  assigned  to  the  goods  engines  on  the  above  line  renders  it 
difficult  to  compare  their  performance. 

It  will  be  observed  that  the  first  engine  (Xo.  9  Passenger  engine) 
fitted  with  the  new  valve  motion,  has  now  had  it  more  than  1|  year  in 
constant  work.  The  motion  has  undergone  no  repair  during  the  whole 
time,  except  that  a  thin  lining  of  white  metal  has  been  recently  put  upon 
the  face  of  the  bevilled  slides,  which  had  worn  a  little  slack,  having 
been  in  the  first  instance  made  of  brass.  In  the  subsequent  engines 
cast  iron  has  been  used  for  these  slides.  Xo  other  repair  to  the  motion 
has  been  needed,  and  it  is  still  working  in  good  order. 

The  second  engine  (Xo.  53  Goods  engine)  has  been  more  than  1 J 
year  in  constant  work  with  the  new  valve  motion,  and  has  run  during 
tliat  time  23,581  miles  ;  this  motion  has  had  no  repairs,  and  has  never 
even  been  taken  to  pieces  and  examined  since  first  got  to  work  until  a 
fortnight  ago, and  when  the  parts  were  then  detached  for  inspection  they 
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were  found  in  excellent  condition,  the  working  faces  all  in  good  order, 
the  teeth  of  the  racks  and  pinions  showing  no  signs  of  wear,  and  the 
whole  play  of  the  apparatus  amounting  to  only  about  ^V^^  °^  ^^  inch, 
being  little  more  than  it  had  when  originally  set  to  work.  This  motion 
seems  likely  to  work  for  more  than  the  usual  time  before  needing  repairs, 
and  the  small  amount  of  wear  in  it  is  remarkable  as  compared  with  the 
ordinary  link  motion,  which  appears  to  arise  from  the  large  extent  of 
rubbing  surface,  and  the  fact  that  the  whole  is  held  firmly  between  side 
cheeks  and  steadied  by  them  whilst  in  motion  ;  the  working  parts  are 
also  enclosed  and  protected  from  dust. 

It  maybe  thought  that  the  application  of  this  new  motion  encumbers 
the  crank  axle  with  more  complex  machinery  than  is  the  case  when  four 
eccentrics  are  used  ;  but  it  must  on  the  other  hand  be  observed  that  the 
remainder  of  the  space  under  the  boiler  is  left  more  free  for  examination 
and  cleaning ;  also  the  eccentric  rods  have  at  all  times  only  the  same 
extent  of  motion  as  the  valves,  whilst  with  the  link  motion  most  of 
the  working  parts  reciprocate  over  the  same  space,  whether  the 
engine  be  working  expansively  or  not. 


Mr.  Miller  exhibited  a  working  model  of  the  new  valve  motion, 
showing  it  as  applied  to  a  locomotive  engine. 

The  Chairjlan  observed  that  the  subject  of  the  paper  was  one  of 
importance,  and  from  the  particulars  given  the  new  motion  appeared 
to  have  some  advantage  in  durability  and  working ;  the  comparative 
saving  of  fuel  stated  in  the  paper  was  considerable,  but  might  pro- 
bably be  partly  owing  to  other  causes  than  the  new  motion  alone. 
He  had  seen  the  motion  about  twelve  months  ago,  on  an  engine 
upon  the  railway  at  Dublin,  but  it  had  then  been  only  a  few  months 
at  work,  so  that  the  results  of  the  working  had  not  been  sufficiently 
ascertained.  He  enquired  whether  any  more  engines  had  been 
furnished  with  the  new  motion,  besides  the  two  mentioned  in  the 
paper,  and  whether  any  further  particulars  of  the  working  had  been 
obtained. 

;Mr.  Miller  replied  that  it  had  been  applied  to  three  more 
engines  on  the  Great  Southern  and  AYestern  Railway,  but  these  had 
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been  at  work  only  a  few  weeks,  and  consequently  no  results  had  yet 
been  obtained.  It  had  also  been  tried  by  Mr.  Stephenson  in  an 
engine  made  for  the  North  Eastern  Railway  about  three  months 
ago.  The  great  saving  of  fuel  which  had  been  stated  in  the  paper, 
was,  he  believed,  correctly  ascertained,  but  he  was  at  a  loss  to 
account  for  so  great  a  saving  from  the  valve  motion  alone  ;  he  could 
suppose  only  that  it  arose  from  the  circumstance  that  there  were 
fewer  joints  in  the  new  motion,  causing  less  loss  from  play  after 
■wear  than  in  the  link  motion.  The  movement  imparted  to  the 
valves  was  not  quite  the  same  as  in  the  link  motion,  and  he 
considered  that  it  was  more  correct  than  that  given  by  the  link,  on 
account  of  the  lead  remaining  the  same ;  there  was  some  difficulty 
in  getting  the  link  motion  to  work  truly  in  all  positions  of  gear,  and 
the  greater  exactness  wuth  which  the  new  motion  worked  in  the 
different  degrees  of  expansion  might  partly  explain  the  economy 
effected  with  it.  In  the  engine  from  which  the  results  in  the  paper 
had  been  taken,  the  steam  had  been  cut  off  to  the  same  extent  as  in 
the  corresponding  engine  with  the  link  motion,  the  lap  of  the  valve 
being  -pj^ths  inch,  and  the  lead  ;|th  inch.  He  intended  to  take 
some  indicator  diagrams  from  the  engines  fitted  with  the  new 
motion,  and  these  would  show  distinctly  what  difference  there  was 
between  its  action  and  that  of  the  ordinary  link  motion. 

The  Chairman  said  it  was  important  that  some  indicator 
figures  should  be  taken,  for  the  purpose  of  comparison  ;  that  was 
indeed  the  only  method  of  satisfactorily  examining  the  working  of 
the  new  motion.  He  asked  whether  the  new  motion  was  applicable 
to  any  kind  of  engine. 

Mr.  Miller  answered  that  it  might  be  adapted  to  any  engine, 
and  a  form  applicable  to  marine  engines  was  shown  in  the  drawings ; 
but  it  had  been  tried  at  present  only  for  locomotives. 

Mr.  CowPER  did  not  see  how  there  could  be  any  material 
difference  in  the  working  of  the  valves  from  t^at  given  by  the  link 
motion,  as  in  the  latter  the  lead  was  nearly  constant.  He  thought 
the  saving  of  fuel  with  the  new  motion,  as  far  as  it  arose  from 
diminished  play  in  the  valve  gear,  could  be  only  small  in  amount ; 
it  must  be  due  mainly  to  improved  construction  of  the  machinery 
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in  general,  or  to  working  one  engine  more  expansively  than  the 
other,  or  to  greater  care  on  the  part  of  the  engine  driver  to  econo- 
mize fuel,  as  a  great  difference  was  often  found  in  the  economy  of 
an  engine  when  worked  by  different  men. 

Mr.  Miller  said  that  the  circumstances  in  which  the  two 
engines  had  been  placed,  from  which  the  comparative  results  had 
been  obtained,  had  been  as  nearly  alike  as  possible ;  their  age  and 
general  condition  were  the  same,  and  he  believed  they  had  been 
worked  to  the  same  degree  of  expansion  and  with  the  same  care  in 
both  case?. 

Mr.  Ramsbottom  thought  that  the  action  of  the  new  motion 
was  nearly  the  same  as  that  of  Dodds'  wedge  motion,  and  differed 
so  little  from  that  of  the  link  motion,  that  its  superiority  would  be 
mainly  a  question  of  durability  and  maintenance,  which  could  be 
decided  only  by  long  experience.  In  the  link  motion  the  lead 
became  greater  at  a  higher  degree  of  expansion,  but  he  did  not 
consider  this  objectionable,  but  rather  an  advantage,  as  the  greater 
lead  was  used  principally  for  higher  speeds.  The  arrangement  of 
the  new  motion  was  ingenious,  but  he  should  fear  the  maintenance 
of  it  would  involve  an  increase  of  expense. 

Mr.  Miller  said  that  the  cost  of  maintenance  had  been  found 
to  be  but  little,  and  appeared  to  be  decidedly  less  than  with  the 
link  motion ;  the  first  engine  had  only  had  a  lining  of  white  metal 
put  on  the  face  of  the  bevil  slides,  during  the  whole  1|  year  that 
it  had  been  at  work  ;  and  nothing  at  all  had  been  done  to  the  other, 
during  the  1^  year  that  it  had  been  at  work ;  whereas  an  ordinary 
link  motion  would  have  been  much  worn  and  have  required  con- 
siderable repair  by  that  time.  The  difficulty  with  the  wedge 
motion,  arising  from  the  objectionable  strain  thrown  on  the 
slides  of  the  eccentric  and  on  the  wedge  surfaces,  did  not  exist 
in  the  new  motion ;  the  screws  and  pinions,  which  were  the 
parts  that  had  the  greatest  appearance  of  complication,  were  not 
exposed  to  any  strain  or  work  while  the  engine  was  running,  and 
were  moved  only  when  it  was  required  to  reverse  the  engine  or  alter 
the  degree  of  expansion ;  this  circumstance  alone  would  tend  to 
greater  durability. 
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Mt.  Fernie  observed  that  tlie  new  motion  appeared  to  him  more 
complicated  than  the  wedge  motion,  and  he  feared  would  be  inferior 
to  it,  having  a  greater  number  of  joints.  He  had  had  some  expe- 
rience of  the  latter  on  the  Midland  Railway,  where  four  or  five 
engines  were  running  with  it;  there  was  a  difficulty  in  keeping 
the  motion  in  working  order,  and  it  had  not  proved  any  better 
than  the  link  motion. 

The  Secretary  mentioned  that  he  had  recently  had  an  oppor- 
tunity of  examining  the  new  motion  at  work,  and  had  seen  it  at  the 
time  of  being  taken  to  pieces  for  the  first  time,  as  had  been  stated ; 
there  was  not  any  appearance  of  wear  in  the  teeth  of  the  racks  and 
pinions,  nor  in  any  other  parts,  though  they  had  been  in  use  for  so 
long  a  time ;  the  motion  appeared  to  work  well,  and  it  was  easy  to 
reverse  or  alter  the  expansion. 

The  Chairman  said  he  hoped  that  the  action  of  the  new  motion 
would  be  investigated  by  means  of  indicator  diagrams,  so  as  to 
ascertain  clearly  its  merits  and  they  would  be  glad  to  hear  the 
further  results. 

He  proposed  a  vote  of  thanks  to  'Mr.  Miller  for  his  paper,  which 
was  passed. 


The  following  Paper,  by  Mr.  Edward  A.  Cowper,  of  London,  was 
then  read : — 

DESCRIPTION  OF  A  SET  OF  SIX  BLAST  ENGINES  MADE 
FOR  THE  EAST  INDIAN  IRON  COMPANY. 

In  accordance  with  the  request  of  the  Council,  that  each  member 
should  communicate  to  the  Institution  the  particulars  of  any  work  of  a 
novel  character  in  which  he  may  have  been  engaged,  and  that  would  be 
likely  to  prove  interesting  or  useful  to  the  members,  the  following 
description  of  a  number  of  Blast  Engines  that  have  been  recently  made 
for  blowing  the  furnaces  of  the  East  Indian  Iron  Company  has  been 
prepared  by  the  writer ;  and  as  so  many  of  our  friends  are  engaged  in 
the  production  of  that  one  metal,  which  not  only  exceeds  any  other  in 
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usefulness,  but  all  the  others  put  together,  it  is  presumed,  that  if  the 
construction  of  these  engines  is  approved,  this  paper  will  be  of  some 
service. 

These  engines  -vrcre  made  to  the  plans  and  under  the  superintend- 
ence of  Mr.  Charles  May,  the  consulting  engineer  to  the  East  Indian 
Iron  Company,  by  Messrs.  James  AVatt  and  Co.,  to  the  drawings  prepared 
by  the  author  of  this  paper. 

The  engines  are  six  in  number,  two  pairs  of  them  being  intended  to 
blow  air  at  2  lbs.  per  square  inch  as  a  maximum  pressure,  and  the  other 
pair  to  blow  air  at  4  lbs.  per  square  inch  as  a  maximum  pressure. 

Fig.  1,  Plate  2G,  is  a  side  elevation  of  the  engine  complete,  with 
crank-shaft,  w'heels,  &c. 

Fig.  2,  Plate  27,  is  a  vertical  section  through  the  steam  and  air 
cylinders,  and  their  valves  and  passages,  and  the  branch  air  pipes. 

Pig.  3,  Plate  28,  is  a  plan,  and  Fig.  4  shows  a  sectional  plan  taken 
through  the  air  valve,  and  the  air  passages  and  branch  au'  pipes. 

The  two  diagrams,  Figs.  5  and  6,  Plate  29,  show  the  proportionate 
size  of  an  ordinary  blast  engine  and  one  of  these  engines  to  the  same 
scale. 

There  are  also  indicator  figures,  Figs.  7,  8,  and  9,  taken  from  the 
air  cylinder  of  an  ordinary  blast  engine  and  the  steam  and  air  cylinders 
of  the  new  engines. 

The  general  form  and  construction  of  the  engine  is  that  of  a 
"  Pedestal  or  Table  Engine  ; "  the  air  cylinder  A  stands  on  a  short 
pedestal,  and  itself  forms  the  pedestal  or  table  on  which  the  steam 
cylinder  B  stands.  The  foundation  plate  is  6  feet  square,  and  carries  a 
wrought-iron  crank  shaft  C  in  four  plummer  blocks,  having  two  light  fly 
wheels  D  D,  one  on  each  end  of  the  shaft,  and  the  two  eccentrics  E  E 
for  driving  the  air  valve  F,  one  on  each  side  of  the  air  cylinder,  and  the 
eccentric  G  for  driving  the  steam  valve  H,  in  the  centre.  The  steam 
piston  has  one  piston  rod  fixed  in  a  short  cross  head  I  at  the  top,  and  this 
cross  head  has  two  other  piston  rods  for  driving  the  air  piston,  which 
pass  down  outside  the  steam  cylinder  through  stuffing-boxes  in  the 
cover  of  the  air  cylinder,  and  are  attached  to  the  air  piston.  The 
long  cross  head  K,  taking  the  connecting  rods  to  the  cranks,  is 
attached  to  the  short  cross  head  by  a  pin,  so  as  to  allow  a  little  freedom 
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in  case  of  unequal  wear  ;  the  guides  L  L  are  attached  to  the  steam 
cylinder  cover. 

The  air  valve  F  is  made  under  Mr.  Archibald  Slate's  patent,  and  is 
a  ring  or  crown  valve  entirely  enclosing  the  air  cylinder,  and  is  not  self- 
acting  by  the  pressure  of  the  air  in  any  way,  but  is  moved  by  the  pair 
of  eccentrics  E  E  at  the  proper  times,  so  as  to  give  ample  passage  for 
the  air  to  move  with  the  greatest  freedom,  and  the  valve  has  such  a 
proportion  of  lap  as  to  cause  the  air  to  be  compressed  up  to  the  working 
pressure  before  it  is  delivered,  thus  giving  the  engine  no  more  work  to 
do  than  is  necessary. 

The  openings  or  passages  for  the  air  from  the  air  cylinder  to  the 
valve  are  extremely  short,  and  the  bars  between  the  openings  are  made 
inclined,  so  as  to  cause  a  regular  wear  on  the  brass  packing  rings  which 
form  the  rubbing  face  of  the  valve.  The  body  of  the  air  valve  is  made 
of  thin  sheet  iron,  neatly  curved  to  two  turned  cast-iron  rings,  to  which 
it  is  well  secured  by  a  great  number  of  small  bolts ;  these  rings  are 
bored  out  inside  to  receive  the  brass  packing  rings  before  mentioned, 
which  are  secured  in  their  places  by  bolts.  There  are  no  springs  to  the 
brass  packing  rings,  but  they  are  bored  out  to  be  a  perfect  fit  to  the  out- 
side of  the  air  cylinder,  and  are  then  cut  into  eight  pieces,  and  should 
any  wear  take  place  they  can  be  at  once  adjusted  by  introducing  a  thin 
sheet  of  paper  behind  them  and  screwing  them  fast  in  their  places  again. 
It  should,  however,  be  remarked  that  this  valve  is  under  totally  diflferent 
circumstances  from  any  that  have  hitherto  been  made,  as  it  is  perfectly 
in  balance,  or  rather  it  is  suspended  perfectly  freely,  and  slides  up  and 
down  a  turned  cylindrical  surface,  and  therefore  there  is  no  tendency  or 
power  to  cause  wear  under  any  variation  in  the  pressure  of  the  air. 
The  mode  in  which  the  two  eccentrics  drive  the  air  valve  is  by 
means  of  a  "  Gymbal  Ring ; "  that  is  to  say,  there  is  a  wrought-iron 
ring  encircling  the  air  valve  and  attached  to  it  by  two  pins  opposite  each 
other,  and  the  eccentric  rods  are  attached  to  the  ring  at  two  other 
points  at  right  angles  with  the  first :  thus  the  air  valve  is  perfectly  free. 

The  air  cylinder  A  is  30  in.  diameter  and  2  ft.  6  in.  stroke,  and  the 
piston  makes  80  strokes  per  minute.  The  air  piston  is  packed 
with  hemp  packing,  and  has  a  ring  to  screw  it  down;  the  screws  are  so 
arranged  that  they  can  be  got  at  by  simply  unscrewing  small  plugs  in 
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the  cylinder  cover,  when  a  socket  spanner  can  be  introduced  to 
screw  the  ring  down.  The  air  passes  into  the  air  cylinder  beyond 
the  end  of  the  valve,  first  at  one  end  and  then  at  the  other,  and 
is  delivered  into  the  hollow  part  of  the  valve,  from  which  it 
escapes  through  two  light  copper  branch  pipes  M  M,  placed  opposite 
each  other,  and  having  turned  joints  fitting  turned  collars  fixed 
on  the  valve.  The  other  ends  of  the  pipes  rest  on  a  small 
surface  or  shelf  prepared  for  them,  and  on  which  they  slide  backwards 
and  forwards  about  |th  inch  ;  these  ends  of  the  pipes  are  curved  in  the 
same  manner  as  the  other  ends,  so  that  the  places  are  in  one  plane,  and 
the  air  main  has  the  faces  of  its  branches  surfaced  to  receive  them,  as 
shown  in  the  plan,  Fig.  3 ;  thus  the  air  is  taken  equally  from  each  side  of 
the  air  valve. 

The  steam  valve  H  has  considerable  lap,  and  is  so  proportioned  as 
to  cut  off  the  steam  just  after  the  half  stroke  and  have  a  very  free 
exhaust. 

The  boilers  are  on  the  Cornish  plan,  and  will  be  chiefly  used  with 
wood  as  fuel,  and  the  furnaces  are  made  proportionately  large  for  this 
purpose.  The  boilers  are  fed  bj'  a  donkey  engine  entirely  independent 
of  the  blast  engines,  so  that  they  are  complete  in  themselves,  and  there 
is  no  fear  of  getting  short  of  water  whilst  the  blast  engines 
stand  for  "  tapping,"  at  Avhich  time  indeed  the  boiler  should  always  be 
fed,  if  only  to  keep  the  steam  down  a  little. 

The  engines  having  to  be  transported  some  distance  up  the 
country,  a  limit  of  weight  was  given,  viz.,  1  ton  for  any  one  part 
of  the  engine  ;  and  in  accordance  with  this  limitation  the  total  weight 
of  a  pair  of  these  engines  is  only  1 1  tons  as  compared  with  25  tons, 
the  weight  of  an  ordinary  blast  engine  of  equal  power ;  and  the 
weight  of  the  heaviest  single  piece  of  an  ordinary  engine  is  4|  tons 
as  compared  with  1  ton,  the  weight  of  the  heaviest  piece  in  the  new 
engines.  It  is  therefore  evident  that  the  engine  can  be  moved  with 
the  greatest  facility,  and  the  first  pair  put  to  work  here  for  trial 
simply  stood  on  some  balks  of  timber,  and  a  few  small  bolts  through 
the  bed  plates  were  sufficient  to  hold  them  and  cause  them  to  work 
quite  steadily  ;  whereas  for  the  ordinary  engine  a  strong  building 
with  massive  foundations  has  to  be  erected. 
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The  method  hy  which  a  high  speed  for  blast  engines  has  been 
attained  is  simply  that  of  moving  the  air  valves  for  the  air,  having 
of  course  very  large  valves  and  passages,  instead  of  letting  the  air 
itself  move  the  valves.  This  arrangement,  "which  was  introduced 
by  !Mr,  Slate  to  this  Institution  at  the  Meeting  in  July,  1850,  at 
once  prevents  all  blow  and  jar  in  the  working,  provided  that  the  lap 
and  lead  of  the  valve  are  properly  proportioned,  and  allows  of  the  piston 
being  driven  at  a  high  velocity,  and  consequently  its  diameter  may  be 
reduced  and  its  stroke  shortened.  This  mode  of  working,  com- 
bined with  the  fact  of  two  engines  working  together  as  a  pair  with 
their  cranks  at  right  angles,  causes  such  uniformity  in  the  flow  of  the 
blast  that  no  regulator  of  any  kind  is  needed  ;  indeed  the  variation 
is  hardly  perceptible  in  a  mercury  gauge  placed  on  a  very  short 
length  of  main,  whereas  the  variation  on  the  ordinary  plan  is  very 
considerable,  as  shown  by  the  indications  in  the  diagram  Fig.  7, 
taken  from  an  ordinary  engine,  which  may  be  compared  with  Fig.  8, 
taken  from  the  pair  of  small  engines.  The  pair  of  engines  are 
arranged  to  blow  3600  cubic  ft,  per  minute,  and  are  speeded  to  80 
revolutions  per  minute,  which  with  2  ft,  6  in.  stroke  makes  400  feet  per 
minute,  and  this  they  do  with  the  greatest  ease  and  efficiency,  owing 
to  the  exact  manner  in  which  the  lap  and  lead  and  area  of  passages, 
&c,,  are  proportioned ;  but  the  author  does  not  wish  it  to  be  supposed 
that  he  recommends  a  higher  speed,  or  at  all  events  a  much  higher 
speed,  for  although  we  have  the  example  of  locomotive  engines  before 
us  every  day  working  at  higher  speeds,  we  also  know  something  of 
the  cost  of  repairs  of  locomotives  working  at  high  speeds,  and  it  is  evi- 
dent that  what  an  iron  master  wants  is  a  good  serviceable  engine 
that  will  blow  steadily  on  day  and  night  without  repairs  and  stoppages ; 
in  addition  to  these  first  requisites  there  are  two  other  advantages 
which  it  is  certain  are  attained  by  this  construction  of  blast  engine, 
namely,  first,  great  regularity  of  pressure  in  the  blast,  and  secondly, 
greatly  reduced  first  cost  of  engine  and  of  foundations. 


The    Chairman    said  the  engines    appeared    remarkably    compact 
and   small   for  blowing  a   furnace,  and   the  uniformity  of   pressure 
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obtained  by  them  would  be  an  important  advantage.  There  had 
been  a  variety  of  plans  advocated  for  obtaining  a  blast  suitable  to 
the  different  requirements  of  the  cupola  and  the  blast  furnace  ;  and 
he  remembered  that  at  a  recent  meeting  of  the  British  Association  the 
subject  had  been  discussed,  and  it  had  been  proposed  to  use  the  fan 
for  the  blast  furnace.  He  understood  that  there  was  a  furnace  near 
Chesterfield  blown  by  a  fan,  but  he  did  not  know  the  particulars  of 
its  application. 

Mr.  Samuel  Lloyd,  jun.,  believed  the  great  difficulty  in  using  the 
fan  for  blowing  a  blast  furnace  was  to  get  pressure  enough  for  that 
purpose,  and  he  understood  it  had  been  found  impracticable  to 
obtain  sufficient  pressure  of  blast  from  the  fan  to  force  air  enough 
into  the  furnace. 

The  Chairman  observed  that  it  had  been  argued  on  the  other 
hand  in  favour  of  the  fan,  that  the  operations  of  the  blast  furnace 
depended  on  the  quantity  of  air  delivered  into  the  furnace,  rather 
than  upon  the  pressure  at  which  it  was  delivered,  and  this  view  of 
the  question  was,  he  believed,  more  generally  entertained  now  than 
previously,  but  he  had  not  heard  the  results  of  the  practical  trial 
of  the  fan  for  blast  furnaces.  He  mentioned  that  a  number  of 
blowing  machines  of  different  constructions  were  to  be  seen  at  the 
French  Exhibition,  showing  a  great  amount  of  skill  and  ingenuity ; 
in  one  of  them,  the  general  plan  of  the  machine  was  much  the  same 
as  that  described  in  the  paper,  having  an  upright  cylinder  like  that 
shown  in  the  drawing,  with  a  very  large  flat  slide  valve  working  on 
each  side,  for  the  admission  and  discharge  of  the  air. 

Mr.  Cowper  observed  that  there  was  a  great  practical  advantage 
in  the  engines  described  in  the  paper,  from  the  air  valve  having  no 
side  pressure  whatever  upon  it,  as  it  was  a  circular  valve  entirely 
surrounding  the  blast  cylinder,  and  consequently  was  perfectly  in 
balance  ;  and  being  guided  very  steadily,  by  fitting  the  cylinder  at 
top  and  bottom,  its  motion  was  very  smooth,  and  the  wear  upon  it 
would  be  very  slight. 

Mr.  Samuel  Lloyd,  jun.,  enquired  whether  the  small  engines  were 
to  be  worked  with  high-pressure  or  low-pressure  steam ;  in  the  use  of 
high-pressure  blowing  engines  he  had  known  some  difficulty  to  be 
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experienced  in  keeping  up  a  regular  blast,  owing  to  the  steam 
pressure  being  occasionally  let  down  in  the  night ;  but  a  low- 
pressure  engine  was  not  liable  to  that  objection.  In  the  present 
case  of  a  pair  of  engines  blowing  together,  one  might  be  worked 
high-pressure  and  the  other  condensing  with  the  same  steam,  and 
saving  a  large  proportion  of  the  fuel. 

^Ir.  CowPER  replied  that  the  engines  had  been  designed  specially 
for  lightness,  to  meet  the  peculiarity  of  the  situation  for  which  they 
were  intended,  and  they  had  therefore  been  made  non-condensing,  cut- 
ting off  at  half  stroke,  with  50  lbs.  steam ;  but  wherever  the  circum- 
stances admitted  of  it,  he  would  certainly  make  high-pressure  expansive 
and  condensing  engines,  so  that  great  economy  of  fuel  would  be 
obtained. 

Mr.  Samuel  Lloyd,  jun.,  remarked  thatin  the  case  of  a  single  blowing 
engine  the  use  of  a  fly-wheel  was  objected  to,  as  it  was  then  found  that 
the  blast  was  less  steady  than  without  the  fly-wheel. 

Mr.  CowPER  observed  that  this  must  necessarily  be  the  case  with  a 
single  engine,  as  the  fly-wheel,  by  making  the  crank  shaft  revolve  uni- 
formly, caused  the  motion  of  the  piston  to  be  faster  at  the  middle  than 
at  the  ends  of  the  stroke  ;  but  in  the  ordinary  single  engines  without  a 
fly-wheel,  the  motion  of  the  piston  was  regulated  by  the  resistance  of 
the  air,  and  consequently  it  remained  much  more  uniform  throughout 
the  stroke,  causing  less  fluctuation  in  the  supply  of  air  to  the  main.  A 
fly-wheel  was  only  applicable  when  two  blowing  engines  were  coupled 
at  right  angles  to  one  another,  but  even  then  the  full  advantage  of  the 
engines  being  coupled  could  not  be  obtained  except  by  a  quick-stroke 
small  engine,  such  as  those  described  in  the  paper,  where  the  intervals 
between  the  successive  discharges  of  air  into  the  main  became  so  small 
(amounting  to  less  than  a  quarter  of  a  second)  that  no  appreciable  fluc- 
tuation of  pressure  was  produced,  although  the  ordinary  regulator  or 
reservoir  was  entirely  dispensed  with. 

The  Chairman  observed  that  this  regularity  of  the  blast  was  a  great 
advantage,  and  gave  an  important  superiority  over  the  ordinary  engines ; 
the  same  advantage  would  apply  still  more  completely  to  the  fan  blast, 
if  it  were  found  capable  of  producing  sufficient  pressure,  and  he  should 
be  glad  to  know  the  exact  particulars  of  its  application  to  blowing 
furnaces. 
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Mr.  SamuelLloyd,  jun.,  remarked  that  one  difficulty  in  applying  the 
fan  to  blowing  furnaces  would  arise  from  the  circumstance,  that  it  was 
sometimes  requisite  to  employ  a  higher  pressure  and  smaller  tuyeres  for 
a  time,  in  order  to  clear  the  furnace  when  it  had  got  out  of  order;  this 
could  be  readily  effected  with  blowing  cylinders  by  increasing  the  steam 
pressure  when  required  for  that  purpose. 

Mr.  CowpER  said  that  a  different  treatment  was  requisite  for  blowing 
a  blast  furnace  and  for  a  cupola ;  for  blowing  a  cupola  experience  had 
led  him  to  prefer  the  fan  to  a  cylinder  blowing  engine ;  he  was  aware 
that  a  heavier  pressure  had  been  advocated  for  the  cupola,  but  he  had 
found  a  large  quantity  of  air  blown  through  10  inch  tuyeres  better  for 
that  purpose  than  a  higher  pressure  with  smaller  tuyeres  ;  but  for  blow- 
ing a  blast  furnace,  he  did  not  think  the  fan  would  give  pressure  enough 
to  force  air  into  the  centre  of  the  furnace  at  all.  He  remembered  that  a 
plan  had  been  suggested  by  Mr.  Buckle,  at  a  former  meeting  of  the 
Institution,  for  increasing  the  pressure  of  the  fan  blast,  by  using  two  or 
three  fans,  one  blowing  into  the  other,  making  them  all  push  together, 
so  as  to  increase  the  pressure  successively,  the  last  one  only  commu- 
nicating with  the  furnace. 

Mr.  Sampson  Lloyd  remarked  that  the  great  improvement  effected 
in  the  last  few  years  in  the  quantity  of  iron  obtained  from  blast 
furnaces  was  mainly  attributable  to  the  increased  quantity  of  air 
blown  into  them  :  a  few  years  ago,  40  tons  of  iron  per  week  was  the 
general  yield  of  a  furnace,  but  this  was  gradually  increased  up  to 
80  and  100  tons,  and  now  150  to  200  tons  per  week  might  be 
obtained  from  a  single  furnace,  which  was  as  much  as  was  given  by 
four  or  five  furnaces  formerly.  He  thought  it  would  be  impossible 
to  force  in  the  supply  of  air  necessary  to  obtain  this  quantity  of  iron 
by  means  of  the  fan,  and  he  understood  it  had  been  given  up  at  the 
furnaces  near  Chesterfield  that  had  been  referred  to. 

Mr.  Clift  enquired  what  was  the  power  of  the  pair  of  blowing 
engines  described  in  the  paper,  and  the  quantity  of  air  they  would 
deliver. 

Mr.  CowpER  replied  that  they  were  capable  of  working  up 
to  34  indicated  horse-power  each,  and  delivering  together  3600  cubic 
feet  of  air  per  minute,  at  a  pressure  of  4  lbs.  per  square  inch. 
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Mr.  CuFT  remarked  that  it  had  been  proposed  to  use  Jones's 
Gas  Exhauster  as  a  bloTving  engine,  using  four  of  them  together, 
■working  one  into  another,  in  order  to  get  sufficient  power;  he  was 
not  aware  that  they  had  been  so  used  in  this  country,  but  he  believed 
they  were  employed  to  a  considerable  extent  in  Sweden,  where  they 
were  driven  by  Avater.  This  machine  was  very  simple  and  portable 
in  construction,  and  he  had  found  it  work  very  satisfactorily  in 
discharging  gas  ;  from  an  experiment  that  had  been  made  w^th  the 
exhauster,  it  appeared  that  a  steam  engine  of  5  nominal  horse-power 
would  force  80,000  cubic  feet  per  hour  of  coal  gas,  or  about  1300 
feet  per  minute. 

Mr.  CowPER  said  that  he  had  obtained  a  pressure  of  10  to  15 
inches  of  water,  or  about  |  lb.  per  square  inch,  with  a  large  fan 
blowing  a  cupola  with  two  10  inch  tuyeres;  but  that  7^  inches 
(or  about  ^  lb.  per  square  inch)  was  what  he  had  generally 
adopted  for  cupolas  and  smiths'  fires. 

]\Ir.  "W.  E.  Adajis  observed  that  he  had  heard  of  a  fan  at  Messrs. 
Cubitt's  works,  in  London,  running,  he  believed,  at  2000  revolutions 
per  minute,  by  which  a  considerably  higher  pressure  than  usual  was 
obtained.  A  great  pressure  might  be  obtained  by  using  three  such 
fans  combined,  the  one  fan  blowing  into  the  aperture  of  the  other ; 
this  plan  had  been  tried  by  Mr.  F.  J.  Bramwell,  and  found  to  answer, 
the  pressure  indicated  by  the  last  fan  being  nearly  three  times  that 
of  each  separate  fan. 

Mr.  Hexry  Maudslay  said  he  had  not  seen  the  fan  at  Messrs. 
Cubitt's,  but  understood  that  a  pressure  of  16  inches  of  water  was 
obtained  with  it ;  it  was  a  Lloyd's  silent  fan,  3  feet  diameter,  and 
worked  quite  silent!}'. 

The  Chairman'  observed  that  Schiele's  fan,  which  was  much  used 
in  Manchester,  was  also  a  noiseless  fan  ;  it  was  worked  at  a  very 
high  speed,  making  2000  to  3000  revolutions  per  minute. 

He  proposed  a  vote  of  thanks  to  Mr.  Cowper  for  his  paper, 
which  was  passed. 
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The  following  Paper,  by  Mr.  W.  Bridges  Adams,  of  London,  was 
then  read  : — - 

ON  AN  IMPROVED  SPRING  AND  AXLE  BOX  FOR 
RAILWAY  CARRIAGES. 

In  springs^  serving  as  an  elastic  support  various  qualities  are 
required  for  the  different  purposes.  First,  they  must  yield  through 
a  sufficient  space,  to  absorb  the  momentum  so  gradually  as  to  pre- 
vent shocks  from  being  felt,  and  the  space  must  be  proportioned  to 
the  shock.  Secondly,  they  should  work  with  the  minimum  of  friction 
between  their  parts.  Thirdly,  if  used  for  varying  loads,  they  should 
possess  the  property  of  equal  yield  under  the  light  and  the  heavy 
load ;  an  empty  waggon  should  be  as  easy  to  ride  in  as  a  loaded  one. 

For  springs  required  to  moderate  the  shocks  of  buffing  and 
traction  in  railway  trains,  a  certain  amount  of  friction  in  the  springs 
is  a  positive  advantage;  it  increases  the  temporary  resistance,  that 
is,  adds  to  the  strength  of  the  spring,  and  also  moderates  the  force 
of  the  recoil.  But  for  bearing  springs,  quick  action  as  well  as  range 
of  movement  is  essential,  and  the  quicker  the  speed  of  the  train, 
the  more  important  it  becomes. that  the  action  should  be  rapid. 

There  are  many  modes  of  using  steel  in  carriage  springs ;  the 
simplest  is  the  double  lever  form.  In  this  form  of  spring  the  width 
of  plate  is  limited  only  by  convenience  ;  the  thickness  must  be  limited 
by  the  power  of  equal  hardening  and  tempering  in  the  first  place, 
and  next  by  the  convenience  of  length ;  up  to  a  certain  point  the 
thickness  of  the  steel  may  be  increased  with  the  length,  and  the 
power  will  be  increased,  but  the  yield  through  space  may  be  made 
as  great  with  a  short  thin  spring  as  with  a  long  thick  one,  though 
with  lessened  power.  As  the  power  is  limited  by  the  limit  of  the 
thickness  cf  the  plates,  lamination  or  the  multiplication  of  plates  one 
on  the  other  becomes  necessary,  and  this  is  the  commonest  form  of 
spring.  Whether  in  single  or  multiplied  plates,  it  is  a  direct  action 
spring. 

Indirect  action  springs  exist  of  various  kinds,  in  which  the  space 
or  yield  of  the  steel  is  multiplied  by  leverage  other  than  that  of  the 
steel.     The  bow  spring  is  one  example,  in  which   the  pressure   on 
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the  ends  of  a  slightly  arching  bow  is  multiplied  three  times  by  levers. 
This  is  the  most  highly  elastic  spring  known,  the  friction  being 
confined  to  axis  movements,  but  the  cost  of  the  framework  of  levers 
is  greater  than  that  of  the  steel. 

For  the  purpose  of  simple  arrangement  the  laminated  lever 
spring  offers  the  greatest  advantages.  It  is  an  elastic  lever  if  rightly 
formed.  As  a  bearing  spring  it  supports  the  framework  of  the  car- 
riage at  different  points.  As  a  buffing  spring  it  affords  a  facility  for 
swivelling  on  the  centre  to  adjust  an  equal  pressure  on  the 
buffer  heads,  whether  on  curves  or  on  straight  lines  of  way. 
But  the  form  and  make  of  the  spring  may  vary,  and  the  elasticity 
may  be  impeded,  or  developed  at  the  wrong  part ;  and  in  the  case 
of  bearing  springs  the  action  may  be  very  hard  with  a  light  load, 
while  the  heavy  load  tends  to  break  the  spring. 

The  ordinary  form  of  laminated  spring,  as  in  Figs.  1  and  2,  Plate  30, 
is  a  curved  line  of  greater  or  less  radius ;  in  some  the  curvature  has 
been  so  great  that  the  bearing  points  are  almost  rigid  struts,  and  the 
steel  will  scarcely  spring  at  all,  and  if  loaded  sufficiently  the  spring  will 
bend  or  break  over  the  axle  box  .at  the  centre. 

A  form  of  spring  like  Fig.  3  has  been  used  formerly,  the 
shape  of  which  is  a  double  inflected  curve.  The  tendency  of  this  form 
is  to  a  double  action  in  curvature,  and  breakage  where  the  curvature 
changes,  and  a  liability  when  overloaded  to  set,  as  in  Fig.  4. 

The  object  to  be  aimed  at  is  to  make  the  spring  so  strong  over  the 
butt  or  centre  that  it  cannot  yield  there,  and  to  make  the  form  such  as 
to  ensure  its  yielding  sufficiently  with  a  light  load,  and  with  an  in- 
creasing capacity  for  supporting  the  load  when  it  is  heavy. 

In  the  improved  spring,  the  subject  of  the  present  paper,  which  the 
writer  has  adopted  for  this  object,  the  plates  are  made  in  an  angle  shape, 
as  shown  in  Figs.  5  to  9,  Plate  30,  and  the  specimens  exhibited, 
being  formed  in  two  straight  or  nearly  straight  lines,  rising  from  the 
centre,  instead  of  the  usual  curve.  The  spring  is  therefore  very  firm 
at  the  centre  in  the  direction  of  the  strain,  whilst  the  taper  points  on 
the  contrary  are  disposed  to  yield  equally  and  easily,  forming  as  they 
descend  two  gradually  increasing  curves,  a.s  shown  in  Fig.  6,  diminish- 
ing the  actual  span  of  the  spring,  and  consequently  diminishing  the 
leverage  and  increasing  the  power  of  resistance. 
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In  the  construction  of  the  ordinary  laminated  springs  with  flat  or 
slightly  curved  centres,  it  is  necessary  to  resort  to  some  method  of 
keeping  the  several  plates  central  and  parallel.  This  is  done  either  by 
a  bolt  passing  through  the  whole  of  the  plates  in  the  centre,  or  by  form- 
ing them  with  a  series  of  studs  by  indenting  the  plates  at  the  centre, 
and  clipping  the  whole  together.  Either  method  tends  to  weaken  the 
plates  at  the  centre,  and  to  break  them  if  the  fastenings  get  loose.  To 
keep  the  plates  parallel,  the  ends  are  indented  to  form  studs  which 
work  in  elongated  slots  in  the  plate  below,  as  shown  in  the  plan,  Fig.  2, 
one  plate  keeping  another  parallel.  But  in  the  mode  of  ordinary  work, 
these  are  very  inefficient,  and  if  the  plates  are  not  well  fitted  they 
work  askew. 

In  the  improved  spring  the  centres  of  the  plates  are  aU  creased  to 
exactly  the  same  angle,  as  shown  in  Fig.  7,  and  thus  lie  one  within 
another  without  any  tendency  to  curve  lengthwise,  each  one  lying  in 
the  valley  below  it.  A  clip,  or  a  pair  of  coupling  plates  with  bolts 
outside,  shown  in  section  in  Fig.  8,  holds  all  the  plates  together,  and 
the  angle  form  retains  them  so  firmly  that  all  slots  and  studs  at 
the  extremities  of  the  plates  can  be  dispensed  with. 

In  the  ordinary  spring  the  ends  of  the  plates  are  tapered,  as  in  the 
plan.  Fig.  2.  Originally  they  were  tapered  in  thickness,  but  the  late  Mr. 
Chapman  tried,^and  successfully,  the  experiment  of  tapering  in  width 
for  private  carriages.  The  length  of  taper  he  used  was  four  times 
the  width  of  the  plates.  When  introduced  on  railways  the  desire  to 
save  steel  gradually  reduced  the  taper  to  one  width,  and  sometimes  to 
half  a  width.  It  has  even  been  proposed  to  carry  the  saving  of  steel  to 
the  uttermost,  by  cutting  one  plate  out  of  the  other  with  a  one-sided 
taper  ;  but  the  writer  is  not  aware  that  this  plan  was  ever  adopted,  and 
it  is  evident  that  it  would  tend  to  push  the  plates  sideways. 

In  experimenting  wdth  the  improved  spring,  the  writer  found  that 
tapering  in  thickness  caused  considerable  friction  between  the  plates, 
by  the  ends  binding  against  the  hollows  of  the  curves,  and  the  tapering 
in  width  caused  an  irregular  action.  The  method  was  therefore  tried  of 
simply  cutting  the  plates  off  square,  as  shown  in  the  plan,  Fig.  9, 
sliglitly  rounding  the  upper  edge.  This  was  found  to  give  the  most 
perfect  elastic  action,  and  without  any  waste  of  steel. 
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In  making  ordinary  springs  it  is  customary  to  make  the  top  or  back 
plate  of  a  given  curvature,  and  to  increase  the  curvature  of  every  suc- 
ceeding plate,  afterwards  compressing  the  whole  together  and  fastening 
by  the  central  bolt  or  clip.  This  plan  renders  the  springs  uncertain 
as  to  strength,  and  the  hammering  or  setting,  denting  the  surface  of  the 
plates,  is  very  apt  to  cause  fractures. 

In  the  improved  springs  the  plates  are  all  creased  to  the  same  angle 
by  a  pressing  machine,  and  any  plate  will  fit  any  other  plate  without 
any  setting  up.  They  can  therefore  be  kept  in  duplicate,  and  in  case 
of  breakage  a  common  labourer  can  apply  a  new  plate,  without  needing 
a  smith  and  spring  fire.  Thus  the  improved  spring  wastes  no  steel, 
has  no  holes,  no  slots  or  studs,  and  no  taper ;  it  is  nearly  machine- 
made,  and  therefore  more  skilful  workmen  can  be  afforded  for 
hardening  and  tempering ;  no  files  or  expensive  tools  are  required  ; 
and  extra  plates  may  be  applied  for  greater  loads  by  merely  length- 
ening the  bolts  at  the  centre,  and  the  springs  may  be  made  either 
with  rolled  eyes  or  plain  ends  as  usual. 

The  action  of  this  spring  may  be  reversed,  as  shown  in  Figs.  10  and 
11,  by  placing  the  short  plates  in  the  hollow  side,  suspending  the  ends, 
and  carrying  the  load  in  the  centre. 

The  central  angle  may  be  either  a  sharp  angle  or  a  slight  curve,  but 
the  sharp  angle  is  preferable.  If  the  curve  be  used  more  care  will  be 
required  in  fitting,  as  it  is  evident  that  the  sharp  angle  will,  in  case  of 
slight  inaccuracy,  hold  the  plates  firmest :  any  angle  may  be  used  which 
will  keep  the  plates  central  by  the  pressure  without  studs  or  bolts. 

The  springs  are  applied  in  the  axle  boxes  so  that  the  hoop  or  clip 
lies  in  a  hollow,  as  shown  in  Fig.  12,  Plate  31,  and  no  other  fastening  is 
required.  This  is  very  important,  as,  when  the  axle  box  is  bolted  to 
the  spring,  it  is  by  inaccuracy  frequently  strained  from  its  proper  bed 
on  the  journal,  and  heating  ensues,  and  continues  till  the  bearing  is 
worn  down  to  a  fit. 

The  axle  box  preferred  by  the  writer  is  shown  in  Figs.  12  to  1,5, 
Plate  31,  and  the  sample  exhibited.  It  is  a  single  casting  A,  with  a 
thick  wooden  bottom  B  which  is  bolted  in  when  placed  on  the  journal. 
There  is  a  gi-easc  or  oil  chamber  C  with  feed-holes  above  the  journal, 
communicating  by  a  large  opening  D,  at  the  front  of  the  axle  box,  with 
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the  grease  or  oil  chambef  below.  The  box  is  rendered  tight  so  as  to 
contain  a  well  of  oil  or  grease,  by  two  half  cast  metal  collars  E  at  the 
back,  the  upper  one  supporting  a  spring  that  draws  up  the  lower  to  clip 
the  axle,  which  is  formed  to  a  conical  shape  at  the  back  of  the  shoulder, 
so  that  the  pressure  of  the  spring  always  forces  the  collar  down  the  cone 
and  against  the  back  of  the  box,  but  with  a  facility  for  a  slight 
elastic  yielding  in  case  of  any  irregular  resistance.  It  is  obvious  that 
as  the  collar  slides  up  the  cone,  there  will  be  a  slight  inaccuracy  in 
the  fit,  but  the  wear  will  take  place  at  the  joint,  where  it  is  not 
important,  and  the  lower  half  collar  up  to  a  sufficient  height  will 
always  press  close  to  the  axle.  In  front  of  the  box,  and  passing  down 
the  opening  D  inside,  is  a  gun-metal  slide  F,  adapted  for  four  changes, 
against  which  the  end  of  the  journal  works,  so  that  there  is  no  need  for 
any  fit  against  the  shoulder  and  coUar,  and  the  end  wear  of  the  brass  is 
entirely  prevented. 

This  box  accordingly  fulfils  the  several  conditions  required ; 
namely,  keeping  the  lower  part  of  the  axle  in  a  bath  of  grease  ;  saving 
the  grease  from  waste  ;  saving  end  wear  of  the  brasses  and  oscillation 
of  the  carriage  ;  diminishing  the  risk  of  heating  by  efficient  ventilation; 
saving  breakage  of  bottom  castings  ;  in  case  of  heating,  affording  the 
facility  of  filling  the  box  with  water  from  above ;  saving  the  need  of 
lifting  the  boxes,  by  allowing  access  below ;  and  by  reason  of  the 
absence  of  fastening,  and  the  elasticity  of  the  spring  under  all  circum- 
stances, diminishing  the  chance  of  heating. 

The  improved  springs  have  been  in  use  on  the  South  "Western 
Kailway  nearly  six  months,  from  the  5th  of  May  last,  and  they  have 
given  every  satisfaction.  From  an  experiment  made  upon  four  springs 
on  September  25th,  it  was  found  that  two  of  them,  after  a  pressure  of 
3  tons  had  been  applied,  set  |th  of  an  inch,  and  the  other  two 
resumed  their  original  shape.  The  experiment  was  made  after  they 
had  been  in  use  upwards  of  four  months,  and  had  run  a  distance  of 
2434  miles  under  a  heavy  covered  goods  waggon  ;  and  previous  to  this 
working,  they  were  also  tested  with  the  same  weights  without  the 
least  set  being  produced. 

In  point  of  first  cost  they  are  cheaper  than  the  ordinary  spring, 
inasmuch   as   a  saving  of  40  lbs.  weight  per  set  of  four  springs  is 
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effected,  for  a  spring  with  8  plates  on  the  ne\t  plan  is  quite  equal  to  a 
spring  with  10  plates  of  the  usual  construction,  the  weight  being 
72  to  73  lbs.  in  the  new,  as  against  84  lbs.  in  the  old.  The  new 
springs  are  not  so  susceptible  of  derangement  as  the  ordinary 
spring,  and  are  more  elastic  and  adapt  themselves  better  to  the  loads ; 
they  are  also  less  liable  to  break,  and  altogether  form  a  simple  and 
compact  arrangement. 


Mr.  Adams  exhibited  several  specimens  of  the  improved  spring, 
one  of  which  was  taken  to  pieces,  and  put  together  again  ;  and  also 
a  specimen  of  the  axle-box. 

The  Chairman  observed  that  the  liability  of  the  ordinary  springs 
to  a  permanent  set  after  wear  was  a  great  objection  to  them,  and  the 
comparative  freedom  from  set  of  the  new  springs  was  an  important 
consideration ;  also  the  simplicity  of  their  form  and  make  would  be 
a  practical  recommendation.  He  enquired  how  long  the  new  springs 
had  been  at  work. 

Mr.  Adams  replied  that  they  had  been  at  work  nearly  six  months ; 
the  great  advantage  in  the  improved  spring  was  the  ease  with  which 
repairs  could  be  effected,  consequent  upon  the  simplicity  of  its 
construction.  Xo  smithing  was  required,  and  the  plates  were 
heated  only  once,  and  creased  and  tempered  at  the  same  time, 
without  requiring  a  second  heating,  the  only  process  in  making  the 
spring  that  involved  any  skill  or  experience  being  the  tempering  of 
the  plates.  There  was  no  danger  of  any  lateral  displacement  of  the 
plates,  although  they  were  not  provided  with  studs  and  slots,  the  clip 
and  the  angle  to  which  they  were  creased  holding  them  securely 
against  any  derangement. 

'Mr.  Eamsbottom  remarked  that  in  the  ordinary  spring  the  steel 
was  weakened  at  the  centre  by  the  central  bolt  hole,  which  was  a 
defect ;  and  the  new  spring  was  superior  in  having  no  central  bolt 
hole.  He  enquired  whether  any  of  the  plates  had  been  found  to 
break  across  the  centre,  in  consequence  of  the  creasing. 

Mr.  Adams  answered  that  no  damage  had  been  found  at  present 
to  be  caused  by  the  creasingj  but  the  plates  might  no  doubt  be  injured 
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if  creased  too  much,  so  as  to  crush  the  metal.  In  the  ordinary 
spring  a  greater  number  of  plates  were  required  at  the  centre  to 
make  up  for  the  loss  of  strength  caused  by  the  bolt  hole  ;  this  added 
to  the  weight,  and  in  the  new  spring,  by  avoiding  the  necessity  for 
adding  more  plates,  a  saving  of  more  than  40  lbs.  per  waggon  was 
effected. 

Mr.  Eamsbottom  remarked  that  it  was  important  in  any  laminated 
spring  that  under  a  great  weight  all  the  plates  should  be  brought 
into  full  action  throughout  their  entire  length,  and  this  appeared  to 
be  effected  in  the  neAv  spring.  He  enquired  whether  the  action  of 
the  shortening  leverage  was  fully  realised  in  practice. 

Mr.  Adams  replied  that  he  had  not  yet  had  an  opportunity  of 
making  practical  trial  of  the  best  form  of  the  new  spring,  in  which 
the  ends  shortened  the  leverage  under  a  heavy  load  by  gradually 
curving  down  ;  the  springs  that  had  at  present  been  tried,  had  been 
applied  to  waggons  fitted  with  scroll  irons,  and  consequently  the 
springs  had  rolled  ends.  The  shortening  leverage  would  have  the 
effect  of  increasing  the  rate  of  increase  of  the  resistance,  as  the 
spring  bent.  The  inverted  form  of  spring  that  had  been  described 
was  a  convenient  arrangement  for  the  back  end  of  a  locomotive, 
where  it  was  sometimes  desired  to  substitute  a  single  transverse 
spring  or  a  pair  for  the  two  trailing  springs  ordinarily  used,  on  account 
of  the  confined  space  available ;  in  such  a  case,  the  above  form  of 
spring,  requiring  but  little  room  for  its  action,  and  lying  nearly 
straight  between  its  two  extremities,  would  be  particularly  eligible 
for  the  purpose.  The  construction  of  the  new  spring,  in  any  of  its 
forms,  would  readily  allow  of  additional  plates  being  inserted,  so 
that  its  strength  could  be  increased  to  suit  any  load  it  might  be 
required  to  carry. 

The  Chairman  observed  that  vulcanised  india-rubber  springs 
had  been  frequently  used  for  the  trailing  springs  of  engines,  on 
account  of  the  small  space  they  occupied,  and  he  enquired  what 
results  had  been  obtained  from  their  working. 

Mr.  Ramsbottom  said  that  he  had  not  tried  them  for  all  the 
springs  of  an  engine,  but  he  found  them  to  answer  very  satisfactorily 
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for  the  trailing  wheels;  it  was  important,  however,  that  the  india- 
rubber  should  not  be  overloaded. 

Mr.  Adams  said  that  in  order  to  ensure  their  proper  performance, 
a  large  quantity  of  india-rubber  must  always  be  employed,  and  it 
was  then  too  expensive  a  material  to  be  much  used.  The  cost  of 
the  tackle  or  attachments  also,  in  the  india-rubber  springs,  was 
greater  than  in  the  case  of  steel  springs,  and  he  thought  steel  was 
in  the  end  the  cheapest  and  most  eligible  material  for  bearing 
springs. 

The  Chairman  remarked  that  it  had  been  supposed  at  one  time 
that  india-rubber  Avas  perfectly  elastic;  but  though  highly  so,  it 
undoubtedly  had  its  limits,  and  became  rigid  if  over-strained ;  some 
of  the  india-rubber  springs  appeared  to  have  failed  from  that  cause. 

Mr.  Adams  observed  that  in  steel  springs  his  experience  had  led 
him  to  the  conclusion,  that  in  whatever  form  the  steel  were  disposed, 
whether  the  spring  were  a  volute,  spiral,  flat  disc,  bow,  or  laminated 
lever,  there  was  always  nearly  the  same  quantity  of  steel  required 
to  give  the  same  elastic  action  under  the  same  load,  supposing  each 
to  be  the  best  form  of  its  class ;  if  the  quantity  of  steel,  and  conse- 
quently the  number  of  particles  to  bear  the  strain,  were  reduced,  the 
action  on  each  particle  would  be  more  severe,  and  the  spring  would 
become  liable  to  set  or  break. 

Mr.  Ramsbottom  observed  that  he  had  been  led  also  to  a  somewhat 
similar  conclusion  as  to  the  weight  of  steel  required  being  nearly 
the  same  for  the  same  work,  in  whatever  form  it  were  arranged. 

The  Chairman  remarked  that  in  the  Eeport  of  the  Commissioners 
on  Kailway  Structures,  an  account  was  given  of  experiments  made 
by  Capt.  James  at  Portsmouth  Dockyard,  on  the  effects  of  long 
repeated  deflections  upon  the  permanent  elasticity  of  bodies ;  in 
.«ome  cases  the  repetitions  of  strain  were  carried  up  as  high  as 
250,000  actions,  and  it  M-as  found  that  every  material,  however 
elastic,  became  finally  deteriorated  and  failed,  differing  only  in  the 
extent  and  time  of  action. 

Mr.  Adams  observed  that  the  disc  spring  had  been  tried  under  a 
continuous  deflection  involving  reaction,  and  it  was  found  that 
it   would   never   serve   fur   more    than   four   hours'    work    before    it 
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broke ;  the  effect  of  the  continued  action  appeared  to  be 
the  same  as  in  the  spring-beam  helves  used  by  steel  makers  for  the 
tilt  hammers;  these  could  not  be  worked  more  than  four  or  five 
hours  at  a  time,  and  then  required  six  or  eight  hours'  rest  before  they 
could  be  put  to  work  again,  when  they  appeared  to  have  recovered 
their  elasticity. 

.  The  Chairman  said  that  the  simple  construction  of  the  new 
spring  that  had  been  described,  and  its  comparative  cheapness,  conse- 
quent upon  the  diminished  weight  and  the  ease  with  which  it  could 
be  manufactured,  were  strong  recommendations  in  its  favour. 

He  proposed  a  vote  of  thanks  to  Mr.  Adams  for  his  paper,  which 
was  passed. 


The  following  paper,  by  Mr.  David  Joy,  of  Worcester,  was  then 
read : — 

DESCRIPTIOJST  OF  A  SPIRAL  COIL  PISTON  PACKING. 

The  piston  packing,  which  is  the  subject  of  the  present  paper,  was 
designed  by  the  writer  to  carry  out  the  principle  which  appears  to  him 
the  correct  one,  for  producing  steam  tightness  with  the  least  loss  of 
power  from  friction  and  the  greatest  economy  in  repairs,  namely,  by  the 
use  of  metal  in  that  form  in  which  it  will  give  out  the  greatest  amount 
of  continuous  elasticity,  that  is,  by  employing  a  spring  acting  through 
a  lengthened  space  with  comparatively  slight  intensity  of  pressure, 
instead  of  the  short  and  rigid  spring  or  series  of  springs  commonly 
used  in  packing  metallic  pistons. 

The  piston  in  which  this  packing  is  used  is  shown  in  Plate  32,  Figs. 
1,  2,  and  3,  and  consists  of  a  simple  block,  into  which  the  rod  is  screwed 
and  pinned.  The  periphery  of  the  piston  being  turned  to  Jg-th  inch  less 
diameter  than  the  cylinder,  a  recess  is  cut  in  it  with  a  ^  inch  tool  set 
at  I  inch  pitch,  making  3  inches  more  than  2  revolutions,  as  shown  in 

Fig.  2. 

The  packing  is  formed  out  of  a  cast-iron  or  brass  ring,  Fig.  4,  f  inch 
thick  and  |  inch  larger  in  diameter  than  the  cylinder.  The  ring  is 
turned  and  bored,  and  being  placed  on  a  mandrill,  a  spiral  groove  is  cut 
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in  it  with  an  |  inch  tool,  set  at  |  inch  pitch,  as  shown  by  the  dotted  lines. 
This  cut  being  carried  through  leaves  the  ring  in  the  form  of  a  spiral 
coil  of  i  inch  by  ^  inch  section,  and  of  about  5  full  revolutions.  A  portion 
of  this  spiral  is  cut  off,  equal  to  2  revolutions  and  |  inch  over,  as  in  Fig.  5. 
This  is  threaded  on  to  the  block  piston  and  pushed  down  till  it  drops 
into  the  recess,  which  it  exactly  fills  laterally,  as  shown  in  Fig.  3.  A 
sheet  iron  cramp,  Figs.  6  and  7,  is  placed  round  the  packing,  by  which 
it  is  compressed  to  the  diameter  of  the  piston,  which  is  then  placed  at 
the  mouth  of  the  cylinder,  the  ports  being  protected  by  small  blocks  of 
wood,  and  the  piston  is  then  thrust  from  the  cramp  into  the  cylinder. 

The  objects  aimed  at  in  this  modification  of  packing,  are,  to  avoid 
friction  by  obtaining  an  elasticity  as  light  as  possible,  yet  sufficient  to 
produce  perfect  contact  with  the  face  of  the  cylinder,  to  ensure  steam 
tightness,  and  sufficiently  continuous  to  follow  up  the  effects  of  wear 
without  the  necessity  of  frequent  renewal  by  resetting.  And  this  the 
writer  finds  is  best  accomplished  by  using  a  packing  which  shall  consist 
of  the  greatest  possible  length  in  proportion  to  its  cross  sectional  area. 
No  figure  meets  this  requirement  so  fully  as  the  spiral  coil  and  the 
number  of  coils  or  length  of  packing  can  be  increased  to  any  extent 
that  may  be  found  advantageous,  the  elastic  action  being  always  in  one 
continuous  length. 

As  the  coil  fits  throughout  its  length  between  the  parallel  sides  of 
the  recess  in  the  piston,  its  two  extremities  may  recede  from  each  other 
to  any  distance  that  may  be  found  requisite  for  wearing  out  the  rings 
without  at  any  time  exposing  an  opening  for  the  passage  of  steam.  The 
packing  under  all  circumstances  fills  the  recess  except  at  the  bottom, 
where  the  vacant  spaces  at  the  extremities  of  the  ring,  left  in  the  un- 
coiling of  the  ring  by  wear,  are  effectually  closed  by  the  piston  body 
sliding  in  contact  with  the  cylinder,  that  part  of  the  packing  ring  being 
placed  at  the  bottom  side  of  the  piston  for  this  purpose.  By  experi- 
ments it  has  been  found  that  with  the  16  inch  brass  packing  with  |  inch 
elasticity  of  compression  on  the  diameter,  and  ^  inch  square  section  of 
packing,  the  pressure  on  53  square  inches  of  surface  of  packing  was 
1-92  lbs.  per  square  inch  or  102  lbs.  on  the  whole  packing.  It  took 
65  lbs.  to  move  this  piston  backwards  and  forwards  in  the  cylinder  when 
disconnected  from  the  rest  of  the  machinery  and  the  glands  unpacked, 
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equal  to  0-32  or  about  ^  lb.  per  square  inch  on  the  surface  of  the  piston. 
The  16  inch  cast-iron  packing  with  |  inch  elasticity  of  compression 
on  the  diameter,  and  -|  inch  by  |  inch  section  of  packing,  gave  a 
pressure  of  441  lbs.  per  square  inch  of  surface  and  packing, 
and  took  135  lbs.  to  move  it  in  the  cylinder  as  above,  being 
0*67  or  about  §  lb.  per  square  inch  on  the  piston.  This 
experiment  was  made  immediately  after  the  engine  had 
done  her  day's  work,  when  the  cylinder  lids  were  taken  off,  and  the 
glands  unpacked  for  the  purpose.  Previously  to  unpacking  the 
glands,  the  steam  at  110  lbs.  pressure  was  put  on  behind  the 
pistons  with  a  most  satisfactory  result,  there  being  no  appreciable 
leakage  of  steam  past  the  piston.  A  similar  trial  has  frequently 
been  made  by  merely  opening  the  cylinder  cocks,  and  putting  steam 
on  behind  the  piston,  when  no  appreciable  blow  is  observable. 

A  corresponding  experiment  was  also  tried  with  a  16  inch  piston 
of  the  ordinary  class,  having  cast-iron  V  packings,  and  it  was 
found  to  require  426  lbs.  to  draw  the  piston  slowly  along  the  cylinder, 
when  disconnected  as  in  the  other  experiment,  showing  more  than 
three  times  the  resistance. 

The  new  packing  avoids  the  frequent  necessity  for  "  looking  at " 
the  piston,  which  is  so  large  an  item  in  the  expenditure  of  locomo- 
tive running  sheds,  and  this  is  in  a  great  measure  a  consequence 
of  the  accomplishment  of  the  former  object,  as  the  large  amount  of 
elasticity  resident  in  the  coil  will  wear  out  the  packing  Avithout  the 
necessity  of  examination  for  renewing  that  elasticity  by  means  of 
resetting  the  springs,  as  in  ordinary  pistons. 

This  piston  has  also  the  advantages  of  simplicity  of  construction 
and  freedom  from  parts  liable  to  get  loose  and  produce  breakage  of 
pistons  and  cylinders.  As  this  packing  is  used  in  a  block  piston  it 
does  away  with  the  necessity  for  lids,  nuts,  screws,  guards,  &c.,  and 
reduces  the  piston  to  its  fewest  possible  number  of  parts,  the  rod,  the 
piston,  and  the  split  pin  to  secure  the  rod  to  the  piston.  The  packing 
ring  also  being  always  confined  in  a  recess  of  a  cross  section  exactly 
equal  to  its  own,  if  broken  can  produce  no  injurious  effect,  as  it  must 
always  remain  in  its  place  as  if  whole.  The  time  required  for 
removing    the    packings    is    very    short,    the    cylinder    lid    being 
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taken  off  and  the  cross  liead  cotter  knocked  out ;  the  piston  is  tlien 
drawn  out,  when  the  ohl  packing  is  threaded  off  the  piston  and  a 
new  one  threaded  on  in  10  minutes,  and  the  piston  replaced.  From 
the  long  enduring  elasticity  of  the  coils  they  are  expected  to  last 
without  examination  at  least  15,000  miles,  the  only  need  for  examin- 
ation being  for  the  purpose  of  cleaning.  There  has  not  yet  been 
time  actually  to  wear  out  a  ring,  but  as  data  upon  which  to  form  an 
approximate  opinion,  the  ring  marked  Xo.  2,  which  is  exhibited,  has 
run  more  than  10,000  miles,  and  when  taken  out  did  not  blow. 

The  new  packing  is  also  attended  with  economy  in  original  cost, 
as  the  expense  of  piston  and  packing  shows  a  considerable  reduction 
on  those  generally  in  use. 


A  piston  fitted  with  the  improved  packing  was  exhibited,  and  also 
specimens  of  the  packing  rings,  which  had  been  some  time  in  use,  and 
showed  but  a  small  amount  of  wear. 

Mr.  Joy  observed  that  his  main  object  had  been  to  obtain  so  simple 
a  packing  that  it  should  not  depend  upon  the  enginemen  at  all,  merely 
requiring  fitting  in  the  repairing  shop.  The  packing  rings  which  he 
had  first  tried  had  been  found  too  slight,  being  only  fths  inch  square, 
and  the  subsequent  rings  had  been  made  stronger,  of  ^  inch  by  |  inch 
section  for  a  16  inch  cylinder. 

The  Chairman  enquired  how  many  engines  were  at  work  with  the 
pistons  having  the  new  packing. 

Mr.  Joy  replied  that  two  passenger  engines  with  16  inch  cylinders 
were  running  with  them,  and  they  would  be  tried  in  a  few  days  in  a 
goods  engine  with  17  inch  cylinders;  in  these  engines  the  packing  rings 
were  of  cast-iron. 

The  Chairman  remarked  that  the  general  appearance  of  the  piston 
was  similar  to  that  of  'Mr.  Ramsbottom's  piston,  and  the  diminished 
friction  owing  to  the  light  pressure  of , the  coil  corresponded  with  that 
given  by  the  packing  rings  in  Mr.  Ramsbottom's  piston. 

Mr.  Ramsbottom  said  tliat  he  had  at  first  tried  a  spiral  coil  in 
separate  grooves,  but  lie  had  since  abandoned  that  plan  in  favour  of 
single  detached  rings.     The  results  that  had  been  stated  of  the  dimin- 
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islied  friction  caused  by  the  spiral  packing  confirmed  his  own  experience 
of  the  advantage  of  a  light  pressure  of  the  piston  packing  upon  the 
cylinder. 

Mr.  CowpER  asked  in  what  respect  the  spiral  packing  described  in 
the  paper  differed  from  the  old  spiral  coil  proposed  formerly  in  Jessop's 
piston,  where  the  coils  of  the  packing  ring  extended  the  whole  depth  of 
the  piston. 

Mr.  Joy  explained  that  the  difference  in  that  piston  consisted  in  the 
spiral  coil  being  fitted  in  between  two  edges  parallel  to  the  faces  of  the 
piston,  and  to  which  the  line  of  the  spiral  made  an  inclined  plane, 
the  ends  of  the  coil  being  tapered  down  to  fit  these  edges,  and 
consequently  as  the  spiral  packing  uncoiled  in  wear  it  became 
loose  sideways,  not  filling  the  groove  in  the  piston  any  longer  in 
consequence  of  the  inclined  ends  moving  ofi"  each  other  and 
diminishing  the  total  thickness  of  packing ;  but  in  his  piston 
the  groove  was  a  spiral  corresponding  to  the  packing  ring,  the 
edges  of  the  groove  being  parallel  to  the  coil,  and  consequently  the 
packing  ring  remained  equally  tight  sideways  when  it  uncoiled  during 
wear.  There  was  also  too  much  friction  between  the  coils,  when  the 
packing  took  many  turns  round  the  piston,  and  he  found  that  a  little 
more  than  two  turns  gave  the  best  action,  and  was  quite  tight  enough. 

Mr.  CowPER  enquired  how  the  steam  was  prevented  from  blowing 
past  the  packing  at  the  ends  of  the  coil. 

Mr.  Jot  replied  that  this  was  effected  only  by  placing  that  side  of 
the  piston  lowest,  so  that  the  body  of  the  piston  was  then  in  contact 
with  the  cylinder,  and  no  steam  could  pass.  In  one  instance,  however, 
the  piston  had  been  put  in  by  mistake  the  wrong  way  up,  so  that  the 
joint  was  at  the  top,  but  no  perceptible  loss  of  steam  had  been  detected 
in  working,  the  piston  body  being  a  sufficiently  near  fit  to  the  cylinder 
to  prevent  any  material  leakage. 

The  Chairman  asked  how  long  the  cast-iron  packing  rings  had 
lasted  before  they  Avere  Avorn  out. 

Mr.  Jot  answered  that  he  could  not  say  how  long  they  would  last, 
as  there  had  not  been  time  yet  to  wear  a  coil  out ;  the  ring  Avould  have 
to  be  worn  down  fths  inch  all  round,  before  it  was  entirely  worn  out ; 
the  present  wear  had  amounted  to  only  gth  inch,  after  the  rings  had  run 
more  than  10,000  miles. 
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The  Secretary  observed  that  he  had  had  an  opportunity  of  seeing 
the  pistons  with  the  spiral  packing  in  work,  and  had  found  them  to  be 
very  steam  tight,  when  tried  as  had  been  mentioned  in  the  paper. 

The  Chairman  then  proposed  a  vote  of  thanks  to  Mr.  Joy  for  his 
paper,  which  was  passed. 

The  Chairman  then  observed  that  he  had  been  engaged  for  the 
last  two  or  three  months  as  a  Juror  at  the  Paris  Exhibition,  where  he 
had  found  some  very  beautiful  and  well-constructed  machinery,  display- 
ing a  great  amount  of  ingenuity  and  a  high  degree  of  attainment  in 
mechanical  skill.  England  had  hitherto  always  taken  the  lead  in 
mechanical  improvement,  and  the  mechanical  engineers  of  this  country 
ought  to  endeavour  to  maintain  the  advanced  position  they  at  present 
occupied.  He  advised  aU  the  members  who  were  able  to  do  so  to  take 
an  opportunity  of  visiting  the  Exhibition  and  acquainting  themselves 
with  the  various  mechanical  improvements  that  were  collected  there. 

He  announced  that  the  next  meeting  of  the  Institution  would  be  a 
Special  Meeting  in  Manchester. 

The  ^Meeting  then  terminated. 

After  the  Meeting,  Mr.  S.  Thornton,  of  Birmingham,  exhibited  a 
powerful  Hydraulic  Lifting  Jack,  capable  of  raising  a  load  of  50  tons 
by  the  power  of  a  single  man  ;  the  ram  being  8  inches  diameter  with  an 
8  inch  stroke,  and  the  pump  |  inch  diameter  ;  the  whole  apparatus  was 
arranged  in  a  compact  cast-iron  box,  weighing  about  2|  cwt.  altogether. 

!Mr.  G.  M.  Miller,  of  Dublin,  also  exhibited  a  specimen  of  an 
improved  Axle-box,  used  upon  the  Great  Southern  and  "Western  Railway 
of  Ireland. 
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PROCEEDINGS. 


December  19,  1855. 


Tlie  Special  General  Meeting  of  tlio  Members  was  lield  in 
the  Lectiu-c  Theatre  of  the  Eoyal  lustitution,  Mosley  Street, 
Manchester,  on  Wednesday,  December  19th,  1855 ;  John  Eams- 
bottom,  Esq.,  in  the  Chair,  in  the  unavoidable  absence  of  the 
President. 

The  Secretary  read  the  Minutes  of  the  last  General  Meeting, 
which  were  confirmed. 


The  following  Paper,  by  Mr.  William  Fairbairn,  of  Manchester, 
was  then  read  : — 

DESCEIPTION  OF  A  NEW  CONSTRUCTION  OF  PUMPING 

ENGINE. 

In  mining  operations  the  Cornish  Pumping  Engine  has  for 
many  years  been  considered  the  most  eligible  for  raising  water  from 
great  depths.  In  the  district  of  Cornwall,  where  coal  is  not  one 
of  the  native  mineral  treasures,  and  where  the  fuel  has  consequently 
to  be  imported  for  the  supply  of  the  numerous  engines  emjiloyed 
for  draining  the  tin  and  copper  mines,  economy  in  the  consumption 
of  the  fuel  has  always  been  an  object  of  great  importance.  Owing 
to  the  high  price  of  the  imported  coal,  and  the  consequently  large 
item  that  it  forms  in  the  annual  charges  for  steam-power,  greater 
attention  has  been  paid  to  the  construction  and  working  of  the 
engines,  which  has  resulted  in  superior  economy;  and  the  Cornish 
mine-owners  have  lost  no  opportunity  of  affording  to  the  engineer 
every  facility  for  improvements  in  the  engines  and  boilers,  and  at 
the  same  time  every  inducement  to  those  in  charge  of  their  manage- 
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meut  to  promote  their  economical  working.  The  encouragement 
offered  by  rewards  and  premiums  has  given  to  the  Cornish  engine 
its  high  character  for  economy  in  the  consumption  of  coal ;  and 
though  in  other  districts,  where  coal  is  cheap  and  abundant,  the 
same  necessity  for  stringent  measures  to  ensure  carefulness  does 
not  exist,  this  can  be  no  justification  for  wasteful  expenditure,  and 
neglect  of  applying  the  proper  means  to  attain  that  economy,  with 
which  the  whole  of  the  steam-power  in  the  country  ought  to  be 
worked.  A  knowledge  of  what  has  been  advantageously  accom- 
plished in  one  district  is  a  motive  for  its  introduction  into  another, 
and  the  writer,  being  convinced  of  the  superior  management  preva- 
lent in  Cornwall,  has  always  advocated  the  more  general  adoption 
of  this  important  system. 

When  water  has  to  be  raised  from  great  depths  by  steam-power, 
there  appears  to  be  no  better  method  of  doing  so  than  to  use  the 
Cornish  engine  working  expansively,  employing  the  engine  to  raise 
the  plungers  and  pump-rods,  the  weight  of  which,  as  they  descend, 
forces  the  water  up  to  the  surface  or  next  level.     This  has  been  for 
many  years  the  practice  in  Cornwall,  and  has  been  almost  invariably 
accomplished  by  a  powerful  engine  with    its  main    working    beam 
placed  above  the  cylinder.     For  such  a  position,  the  lever-wall,  &c., 
supporting  the  beam,  is  required  to  be  a  mass  of  solid  stonework 
of   considerable    height,  to    resist    the    shocks    to   which  it  is  sub- 
jected by  the  sudden  descent  of   the  lead    ujwn   the  spring-beams, 
and  which  are  at  times  so  great   in   a  large  engine  as  to  shake  the 
masonry  to  its  foundations.     In  the  engine  described  in  the  i)resent 
paper,  this  objection  is  avoided,  and  the  expense  of  high  buildings 
and  massive  masonry  is  saved,  by  substituting  for  the  single  main 
working  beam   above   the   cylinder,  two    beams    placed    below  the 
cylinder,  one  on  each  side  of  the  engine,  resting  upon  a  platform 
level  with  the  ground,  and  in  the  present  instance  below  the  mouth 
of  the  pit.     The  advantage  of  this  construction  is,  that  the  whole 
strain  at  the  bearings  of  the  beams,  instead  of  acting  ujion  the  raised 
tower  of   the    lever-wall,  is  brought  direct  ujion    the  solid  ground, 
thereby  saving  the  expense  of  the  masonry  above  the  ground.     In 
case  the  engine  should  miss  a  stroke  from  an  accident  in  the  i)it,  the 
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shock  is  received  upon  a  massive  oak  transverse  spring-beam,  which 
passes  under  the  cylinder  and  rests  upon  the  foundations  of  the 
engine-house  on  each  side.  A  corresponding  spring-beam  is  fixed 
in  the  pit  to  receive  the  fall  of  the  pump-rods,  whenever  they  happen 
to  pass  beyond  the  limits  of  the  stroke  in  their  descent.  This 
modification  in  the  arrangement  has  the  advantage  of  making  the 
foundations  sustain  the  weight  and  shocks  of  the  engine  direct,  and 
causes  a  great  saving  in  the  original  cost. 

The  principle  of  the  engine  itself  presents  no  material  difterence 
from  the  ordinary  construction,  and  the  arrangement  is  compact, 
simple,  and  effective;  the  engine  is  worked  with  double-beat  valves, 
and  is  so  arranged  as  to  cut  oflf  the  steam  at  any  part  of  the  stroke. 

A  number  of  engines  on  the  same  plan  are  now  at  work,  some 
of  them  of  great  power,  with  70  to  80  inch  cylinders,  and  they  have 
given  complete  satisfaction,  by  their  steady,  convenient,  and  econo- 
mical working. 

The  engine  shown  in  Plates  33,  34,  and  35,  was  erected  by  the 
writer  in  1851,  at  the  colliery  of  F.  P.  D.  Astley,  Esq.,  at  Dukiufield  ; 
it  is  a  single-acting  high-pressure  expansive  and  condensing  engine, 
of  about  160  horse  power  effective,  employed  to  drain  a  coal-pit  of 
large  extent.  The  depth  from  which  the  water  is  raised  is  at  present 
rather  more  than  500  yards,  but  the  extreme  depth  to  which  it  is 
intended  to  work  will  be  about  700  yards,  when  the  lower  bed  of 
coal  is  reached. 

Fig.  1,  Plate  33,  shows  a  longitudinal  section  of  the  engine. 

Fig.  2,  Plate  34,  is  a  transverse  section  of  the  engine,  and  Fig.  3 
a  section  of  the  valves. 

Fig.  4,  Plate  35,  is  a  general  elevation  of  the  engine  to  a  smaller 
scale. 

Fig.  5  is  a  general  plan,  showing  the  pumping  and  winding 
engines  with  the  boilers  and  the  jut,  in  their  relative  positions. 

The  two  beams  AA  are  carried  upon  the  same  frame  or  bed- 
plate BB  as  the  steam  cylinder  C,  and  each  is  bolted  down  to  a  block 
of  masonry  at  the  level  of  the  floor.  The  cylinder  is  70  ins.  diameter, 
and  8  feet  stroke ;  the  piston-rod  is  connected  to  the  beams  by  a 
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wrouglit-iron  cross-head  and  cast-iron  side  rods,  as  in  the  ordinary 
marine  engine,  a  similar  parallel  motion  being  used,  which  in  this  case 
is  carried  by  two  parallel  girders  DD  fixed  in  the  walls  of  the  engine- 
house,  and  bolted  to  the  flange  of  the  cylinder.  E  is  the  oak  spring- 
beam,  22  inches  square,  extending  transversely  under  the  cylinder, 
and  carried  at  the  ends  by  the  foundations  of  the  building.  The 
ends  of  the  engine-beams  strike  directly  upon  the  spring-beam, 
with  the  intervention  only  of  a  block  of  timber  placed  upon  the 
spring-beam,  Avith  a  thickness  of  india-rubber  as  a  packing  to  soften 
the  blow.  A  similar  provision  is  made  at  the  opposite  end  of  the 
engine-beams,  to  prevent  the  pump-rods  descending  too  far. 

The  valves  are  all  on  the  double-beat  construction ;  the  steam- 
valve  F  is  16^  inches  diameter  in  the  seat,  and  the  equilibrium  and 
eduction  valves  G  and  H  are  18|^  inches  diameter,  their  motion 
being  regulated  by  the  cataract  I,  in  the  usual  manner  of  the  Cornish 
engines. 

The  condenser  K  and  air-pump  L  arc  placed  in  a  well  below 
the  floor  on  the  opposite  side  of  the  centre  of  the  beam ;  the  air- 
pump  is  35  inches  diameter  and  4  feet  stroke. 

The  outer  extremities  of  the  beams  AA  overhang  the  pit  at  M, 
where  they  are  attached  to  the  pump-rods  by  means  of  a  parallel 
motion  N,  Figs.  3  and  4 ;  the  second  pair  of  beams  00  forming 
the  parallel  motion  are  fixed  one  on  each  side  of  the  pit  in  recesses, 
working  clear  of  the  i)it;  they  carry  at  their  outer  ends  a  large 
counterbalance  weight  P,  consisting  of  a  box  filled  with  cast-iron 
weights,  to  counterpoise  a  portion  of  the  weight  of  the  pump-rods, 
leaving  only  sufficient  unbalanced  weight  for  raising  the  water  in 
the  pumps. 

The  pumps  consist  of  six  sets  of  plunger  pumjis,  commencing 
with  one  bucket  pump  at  the  bottom ;  they  are  shown  in  Fucccssion 
in  Figs.  6  to  12,  Plate  36. 

The  main  pump-rod  E  has  a  stroke  of  8  feet,  and  is  15  inches 
square  at  the  top,  •  being  attached  by  a  wrought-iron  strap  to  the 
cross-head  of  the  parallel  motion  N. 

The  first  four  jtumps,  Figs.  6,  7,  8,  and  0,  are  all  of  the  same 
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size,  with  12  inch  plungers,  and  12  inch  rising  main;  the  pump - 
rod  E  diminishes  in  size  from  15  inches  square  at  top,  to  11 
inches  square  at  the  fourth  pump  down,  and  8  inches  square  at  the 
two  lowest  plunger  pumps,  and  each  of  the  plungers  is  attached  to 
it  hy  a  timber  block  and  iron  straps. 

The  two  lowest  plunger  pumps,  Figs.  10  and  11,  are  of  similar 
construction  and  dimensions,  except  that  they  are  smaller  in  dia- 
meter, the  plungers  being  only  8  inches  diameter,  and  the  rising 
main  8  inches;  the  difference  is  made  in  consequence  of  a  portion 
of  the  water  entering  from  a  higher  level  of  the  workings  into  the 
cistern  of  the  fourth  pump.  Fig.  9. 

The  bottom  pump,  Fig.  12,  is  a  bucket  and  pltmger  pump, 
raising  the  water  at  both  strokes  of  the  pump-rod.  The  barrel  of 
the  pump  is  8  inches  diameter,  and  the  pump-rod  5  inches  square, 
being  half  the  area  of  the  barrel,  so  that  half  the  water  is  raised  at 
each  stroke. 

Figs.  13  and  14  show  the  detailed  construction  of  the  top  pump, 
drawn  to  a  larger  scale.  The  suction  and  delivery  valves  are  leather 
flap  valves,  with  two  semicircular  openings. 

Each  pump  has  the  same  lift,  and  raises  the  water  200  feet, 
delivering  it  into  the  cistern  from  which  the  succeeding  pump 
draws.  The  engine  makes  about  13  strokes  per  ihiuute,  and  the 
quantity  of  water  raised  is  consequently  500  gallons  per  minute, 
being  equivalent  to  about  160  horse  power  effective. 

The  pumps  and  pit  work  have  been  arranged  with  a  view  to 
saving  room,  and  at  the  same  time  affording  facility  for  repairs,  and 
convenient  access  to  the  valves  and  buckets  of  each  of  the  sets  into 
which  the  pumps  arc  divided.  The  entire  space  occupied  by  the 
six  sets  of  plunger  pumps,  and  one  bucket  pump,  is  only  about  one- 
fifth  of  the  area  of  the  shaft,  which  is  12  feet  in  diameter ;  and  the 
shaft  not  only  contains  the  pumps  to  a  depth  of  1500  feet,  but  also 
has  space  enough  for  the  ascent  and  descent  of  two  sets  of  boxes, 
each  box  containing  about  8  cwt.  of  coal.  A  description  of  the  large 
Winding  Engine,  used  to  raise  the  coal  in  this  pit,  was  laid  before 
the  Institution  at  a  former  meeting,  (sec  Proceedings  Inst.  M.  E., 
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December,  1853) ;  and  the  position  of  the  engine  is  shown  at  S  in 
the  general  plan,  Fig.  5. 


The  Chairman  observed  that  the  arrangement  appeared  more 
judicious  than  the  old  plan  of  the  beam  at  top,  as  the  engine  was 
more  compact,  and  the  principal  strains  and  shocks  were  brought 
directly  to  the  level  of  the  ground,  without  the  intervention  of  walls 
or  columns. 

Mr.  Beyer  had  seen  the  engine  at  work,  and  thought  it  one  of 
the  finest  pumjjiug  engines  he  had  seen ;  it  was  well  executed,  and 
appeared  to  work  well ;  the  engine  and  pumps  were  conveni- 
ently arranged  for  access,  and  the  fixing  of  the  beams  was  solid 
and  simple ;  he  thought  the  arrangement  would  be  found  to  be 
generally  preferable. 

Mr.  Siemens  enquired  what  was  the  extent  of  expansion  in  the 
engine,  and  the  pressure  of  steam  employed  ;  he  thought  that  the 
principle  of  expansion  was  not  yet  carried  to  its  utmost  practicable 
limits,  although  these  limits  were  approached :  but  science  had 
already  pointed  out  the  way  which  would  lead  without  fail  to  a 
further  great  improvement  of  the  steam  engine. 

Mr.  Neale  replied  that  the  steam  pressure  was  about  15  lbs.  'per 
inch,  and  it  was  cut  ofi"  at  about  l-oth  of  the  stroke ;  there  were 
5  or  6  boilers  in  use,  cylindrical  double-flue  boilers,  7  feet  diameter, 
and  27  feet  long,  with  flat  ends  and  gusset  stays,  the  internal  flues 
being  2  feet  8  inches  diameter. 

The  Chairman  then  proj^oscd  a  vote  of  thanks  to  Mr.  Fairbairn 
for  his  communication,  which  was  passed. 


The  following  Paper,  by  Mr.  William  G.  Craig,  of  Manchester, 
was  then  read  : — 

ON  AN  I.AJITtOVED    AXLE  BOX  AND   SPBING   FITTINGS 
FOIi  EAILWAY  CAEKIAGES. 

From  the  nimierous  defects  in  the  construction  of  the  Axle  boxes 
and  Spring  fittings  in  general  use  for  railway  carriages,  much 
attention  lias  been  directed  to  their  imi)rovcmcnt. 
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lu  the  Axle  boxes,  the  priucipal  defect  is  in  the  seats  for  the 
gun-metal  bearings  ;  these  are  arranged  in  various  ways,  but  all 
involving  expensive  fitting  of  the  bearings  into  their  places,  to  secure 
them  from  getting  loose,  notwithstanding  which  they  frequently 
turn  on  one  side,  as  represented  at  A,  in  Fig.  1,  Plate  37,  and  are 
also  liable  to  drop  out  of  their  places  entirely,  and  remain  in  the 
bottom  of  the  axle  bos,  causing  the  journal  to  come  in  contact  with 
the  cast-iron  box,  which  is  soon  destroyed,  as  in  the  example  shown 
in  Fig.  2,  which  is  one  out  of  a  large  number  of  similar  cases.'  In 
many  instances  the  journals  are  completely  twisted  off.  These 
occurrences  necessarily  cause  great  delays  to  trains,  and  require  the 
carriage  or  waggon  to  be  sent  into  the  workshops  for  repair.  In  order 
to  prevent  the  brasses  from  coming  out  of  their  places,  they  are  cast 
with  deep  sides,  and  not  unfrequently  riveted  to  the  axle  boxes; 
but  the  consequence  of  this  is  that  when  the  brass  warms,  its  sides 
grip  the  journal,  and  soon  cause  the  bearing  to  heat. 

Another  defect  in  axle  boxes  is  in  the  mode  of  lubricating,  which 
tends  to  create  the  evil  of  hot  journals,  before  the  remedy  can  act. 
This  arises  from  the  thickness  of  the  metal  that  forms  the  seat  of 
the  bearing  and  bottom  of  the  grease  chamber,  which  in  many  cases 
amounts,  together  with  the  bearing,  to  two  inches  thickness  above 
the  journal,  and  must  be  heated  through  by  friction,  before  the 
grease  can  be  brought  down  to  lubricate  the  bearing.  In  numerous 
instances,  from  the  metal  becoming  overheated,  the  grease  is 
rendered  fluid,  and  runs  out  and  is  wasted. 

Another  disadvantage  is  that,  from  the  carelessness  of  workmen, 
the  holes  for  the  passage  of  the  grease  through  the  axle  box  and 
bearing  are  often  not  made  to  correspond,  and  the  flow  of  grease 
to  the  journal  is  consequently  obstructed  ;  it  is  also  difficult  to  clean 
out  such  holes  when  required,  to  do  which  properly  involves  a 
considerable  loss  of  time,  and  the  evil  arising  from  not  frequently 
picking  them  out  is  a  total  stoppage  of  the  lubricating  material, 
causing  cut  journals. 

Another  difficulty  is  that  of  getting  the  grease  to  the  back  of  the 
grease  chamber  to  lubricate  the  inner  collar ;  this  is  now  done  by 
the  greaser  pressing  back    the    grease  with  his  knife,  when  time 
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admits,  and  is  generally  only  imperfectly  accomplislicd  whilst  the 
carriages  are  temporarily  stopped  at  a  station. 

Fui'ther,  the  number  of  parts  belonging  to  the  axle  boxes  now  in 
general  use,  namely,  bolts,  nuts,  leather  packing,  &c.,  all  involve 
expensive  fitting,  and  are  subject  to  frec[uent  displacement. 

In  the  axle  box  grease  covers,  again,  there  is  a  constant  rattling 
noise  with  all  iron  covers  that  are  without  springs,  and  they  often 
require  repair  from  being  made  slight,  and  the  hinges  being  strained  ; 
and  with  the  sliding  arrangement,  the  covers  get  lost  in  transit, 
and  grit  and  other  foreign  matter  then  mixes  with  the  grease,  and 
produces  hot  axles,  either  by  stopping  up  the  lubricating  holes,  or 
by  coming  in  contact  with  the  journal.  An  objection  also  to  iron 
covers  is,  that  during  the  summer  months  they  quickly  conduct  the 
sun's  heat  to  the  grease,  and  cause  it  to  run  to  waste. 

In  the  Spring  fittings,  all  arrangements  are  defective  where  bolts, 
nuts,  or  screwed  spring  clips  are  used  for  fixing  the  spring  to  the  axle 
box,  as  these  are  not  found  sufficient  to  retain  the  spring  in  position 
in  ordinary  concussions,  entailing  the  frequent  loss  of  bolts  and  nuts, 
and  at  times  of  the  whole  spring.  It  is  also  objectionable  for  the 
ends  of  the  spring  to  bear  against  fixed  shoes  fastened  to  the  sole-bars, 
since  the  spring  on  elongating  causes  the  ends  to  rub  hard  upon 
the  shoe,  w^hich  wears  a  recess  in  it,  and  also  wears  the  top  plate  of 
the  spring  ;  the  result  is  that  a  shoulder  is  formed  upon  the  shoe, 
and  in  many  instances  the  spring  cuts  the  body  of  the  shoe  entirely 
away,  and  bears  upon  the  wood,  as  represented  at  BB,  Fig.  1,  which 
is  an  exact  copy  of  one  of  the  many  so  found  on  the  Manchester, 
Sheffield,  and  Lincolnshire  Eailway ;  in  all  such  cases  the  spring  is 
prevented  from  acting  beyond  the  limit  of  the  shoulder  formed  on 
the  shoe.  Amongst  the  methods  adopted  to  remedy  this  defect,  the 
spring  ends  have  been  softened  and  bent  downwards  to  fit  the  shoe, 
and  the  top  plate  of  the  spring  has  been  thickened  to  allow  for  wear ; 
the  former  plan  has  been  abandoned  as  inefficient,  and  the  latter, 
which  is  now  generally  in  use,  is  subject  to  the  objection  before 
named. 

The  failiu'cs  of  the  axle  boxes,  bearings,  grease  covers,  and  spring 
fittings  described  above,  which  are  occurring  daily  upon  all  railways, 
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involve  a  scriotis  item  iu  tlio  working  expenses,  and  from  his 
experience  of  the  causes  in'odncing  them,  the  writer  has  been  loci 
to  adopt  the  improved  construction  of  axle  box  and  spring  fittings, 
the  subject  of  the  present  paper. 

Axle  Box. —  The  imi)rovc(l  axle  box  is  cast  in  one  piece  to  avoid 
all  expensive  fitting  of  leather  packing,  bolts,  nuts,  &c. ;  the  mode 
of  lubricating  through  the  axle  box  seat  by  means  of  holes  is 
disi^ensed  with,  and  the  lubrication  is  effected  direct  through  the 
gun-metal  bearing.  All  expensive  fitting  of  the  bearing  is  avoided, 
by  casting  an  oblong  hole  in  the  axle  box  seat,  to  receive  a 
projection  C,  Figs.  3  and  4,  cast  upon  the  top  of  the  bearing ;  these 
can  then  be  put  together  as  they  come  from  the  foimdry,  a  slight 
looseness  being  of  little  consequence,  since  the  projecting  piece 
completely  prevents  the  possibility  of  the  bearing  turning  on  one 
side,  as  at  A,  Fig.  1.  This  axle  box  is  also  much  lighter  than  the 
ordinary  construction,  and  all  bolts  and  nuts  are  dispensed  with, 
excejiting  the  two  bolts  that  fasten  the  under  keep. 

The  projection  cast  on  the  top  of  the  bearing  is  made  hollow, 
and  passing  through  the  oblong  hole  in  the  seat  of  tlie  axle  box  into 
the  grease-chamber  above,  supports  cither  the  cap  of  the  axle  box, 
as  in  Fig.  3,  or  the  under  side  of  the  spring  itself,  as  in  Fig.  4 ; 
by  this  means  is  ensured  not  only  the  impossibility  of  the  brass 
turning,  but  also  the  perfect  lubrication  of  the  journal  through  the 
large  aperture  in  the  projection,  which  brings  the  grease  in  direct 
communication  with  the  journal,  so  that  a  very  small  increase  of 
temperature  is  sufficient  to  cause  the  j)erfect  lubrication  of  the 
journal.  In  this  case  the  cast-iron  of  the  axle  box  is  never  required 
to  get  hot  in  order  to  soften  the  grease,  that  being  one  of  the  chief 
causes  of  hot  journals.  A  further  advantage  obtained  by  the 
projecting  piece  on  the  top  of  the  bearing  is  that  the  brass  may 
be  made  of  a  shallow  form,  so  that  it  will  never  require  its  sides 
to  be  reduced  to  prevent  them  from  clipping  the  journal. 

There  have  been  many  ingenious  contrivances  introduced, 
intended  to  prevent  hot  boxes,  and  to  save  grease,  by  the 
emj)loyment   of  a   leather   valve,  or   a   similar  contrivance,   placed 
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at  the  back  of  the  axle  box,  to  prevent  the  escape  of  grease  or  tbe 
admission  of  grit;  but  the  writer's  observations  have  led  him  to 
the  opinion,  that  the  evil  of  hot  boxes  does  not  ai-ise  from  grit  or 
sand  entering  from  behind,  but  mainly  from  the  defects  in  the 
bearings  that  have  been  referred  to.  True  economy  is  to  ensure 
perfect  lubrication,  and  the  projecting  hollow  piece  on  the  top  of 
the  brass  that  has  been  described,  has  an  advantage  in  this  respect, 
in  affording  a  facility  to  the  greasers  at  stations  for  pressing  the 
grease  down  upon  the  top  of  the  journal. 

Grease  Covers. — In  the  grease  covers  the  writer  has  adopted  two 
plans  to  suit  different  forms  of  springs.  In  the  first,  shown  in 
Fig.  3,  the  cover  D  clasps  the  top  of  the  axle  box,  and  prevents  the 
admission  of  grit,  dust,  &c.,  which  cannot  be  too  carefully  excluded 
from  the  top  of  the  box ;  it  is  cast  with  an  oblong  recess  upon  it, 
extending  upwards,  which  receives  the  grease  above  the  level  of  the 
grease-chamber,  and  is  fitted  with  a  wooden  plug  or  plunger  E, 
secured  by  a  chain  to  the  waggon,  in  place  of  the  ordinary  iron 
cover  or  slide ;  the  grease  being  thus  introduced  above  the  level  of 
the  grease-chamber  ensures  the  perfect  lubrication  of  the  whole 
bearing,  being  forced  by  the  pressure  of  the  plunger  into  the  recesses 
at  the  back  of  the  brass.  "With  the  ordinary  axle  boxes,  the  ends  of 
the  journals  nearest  the  wheels  are  frequently  found  quite  dry  and 
cut,  in  consequence,  as  is  generally  supposed,  of  grit  or  dust  being 
admitted  between  the  boss  of  the  wheel  and  the  axle  box ;  but  this 
the  writer  considers  mainly  arises  from  the  difiiculty  of  securing  a 
constant  flow  of  grease  through  the  inner  grease-hole  of  the  axle  box 
and  brass,  the  greaser  being  unable  to  reach  to  keep  that  orifice  clear. 

There  have  now  been  GO  sets  of  the  improved  axle  boxes  working 
in  the  most  efficient  manner  for  the  last  eight  months,  over  a 
long  extent  of  railway  in  Lincolnshire,  where  the  ballast  is  of  an 
extremely  light  and  sandy  nature ;  showing  that  the  true  remedy 
for  hot  journals  is  their  more  efficient  lubrication,  and  a  ready  means 
by  which  the  greaser  can  without  trouble  ensure  this.  The  wooden 
plug  or  plunger  E,  being  a  non-conductor,  serves  to  protect  the 
grease  from  the  effect  of  the  sun's  heat  during  the  summer. 
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The  second  modification  of  improved  grease-cover,  sliown  in 
Figs,  4  and  5,  is  combined  witli  an  improved  spring  fixing ;  a 
wrouglit-iron  plate  is  employed  about  y^ths  inch  thick,  and  of 
sufficient  size  to  project  over  the  axle  box  top  about  ^  inch  all  round ; 
an  opening  is  made  in  the  plate  to  admit  the  grease,  and  two  other 
openings  to  receive  the  ends  of  the  spring-clip  F,  to  which  the 
plate  is  cottered.  On  the  top  of  the  plate  is  fixed  a  piece  of  wood, 
about  1  inch  thick,  on  which  is  screwed  an  oblong  castiug,  similar 
to  the  oblong  recess  in  Fig.  3,  having  a  wooden  plug  E  to  fit  the 
opening;  the  advantage  of  this  arrangement  is  that  this  portion  of 
the  grease-cover  can  be  replaced  when  broken,  without  having 
occasion  to  lift  the  waggon. 

Spring  Fixing. — The  improved  spring  fixing  consists  of  a  simple 
and  cheap  contrivance  in  combination  with  the  axle  box ;  a  piece 
of  iron  F,  ^  inch  thick,  and  the  same  width  as  the  spring,  is  simply- 
bent  over  the  spring  to  form  a  clip,  allowing  the  ends  to  project  to 
form  cotter-holes,  and  to  fit  into  the  cover  of  the  grease-chamber. 
Two  cotters  fasten  the  clip  tightly  to  the  spring,  and  are  cut  so 
as  to  correspond  with  the  length  of  the  grease-chamber,  by  which 
means  they  are  prevented  from  getting  loose.  The  cotters  form  the 
two  sides  of  an  oblong  recess  on  the  under  side  of  the  cover,  and 
receive  between  them  the  projecting  hollow  piece  C  on  the  top 
of  the  brass,  as  in  Fig.  4.  A  piece  of  wood  or  india-rubber  is 
iu sorted  between  the  under  side  of  the  spring  and  the  top  of  the 
projection  C,  to  form  a  cushion  for  the  spring, 

A  modification  of  the  improved  spring  fixing  for  aj^plication  to 
existing  stock  is  made  by  fixing  two  pieces  of  iron,  about  2  inches 
wide,  and  the  length  of  the  width  of  the  spring,  and  about  fths  inch 
thick,  by  means  of  the  bolt  through  the  centre  of  the  spring ;  on  each 
side  of  these  pieces  is  fixed  a  welded  hoop  of  iron,  1  inch  by  -^  inch, 
(as  a  support  for  the  centre  of  the  spring,  in  addition  to  the  ordinary 
small  rivet  passing  through  the  spring,)  and  a  corresponding  recess 
is  made  on  the  cast-iron  cover  of  the  grease-chamber. 

Sjtring  Fittings. — The  fittings  at   the    ends   of    the  springs  are 
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improved  by  makiug  the  shoes  GG,  Figs.  6  aud  7,  to  slide  on  a  metal 
bed  H,  about  J  iucb  thick,  and  of  sufficient  length  to  allow  of  the  play 
of  the  spring  with  the  sliding  shoes  attached. 

The  plate  H  is  fixed  on  the  under  side  of  the  sole-bar, 
materially  strengthening  the  waggon,  and  the  sliding  shoes  have 
grooved  sides  to  secure  them  to  the  plate.  The  spring  is  connected 
to  the  shoe  by  a  bolt  passing  through  the  side  cheeks  of  the  shoe 
and  the  spring  eye,  the  object  being  to  retain  the  spring  attached 
to  the  waggon,  when  the  journals  require  examination,  saving 
considerable  expense  and  time  in  lifting.  The  writer  has  been 
enabled  to  reduce  the  contract  price  for  the  lifting  of  waggons  25  per 
cent,  on  all  those  waggons  fitted  with  the  improved  axle  boxes  and 
spring  fittings  ;  this  may  at  first  sight  appear  an  unimj)ortant  matter, 
but  assuming  each  waggon  requires  lifting  twice  a  year,  and  that  a 
railway  comj)any's  stock  consists  of  10,000  waggons,  the  saving  in 
this  item  alone  would  amount  to  £500  jier  annum. 

The  sliding  shoe  maintains  the  perfect  action  of  the  spring ;  its 
bearing  surface  is  equal  to  256  square  inches  for  the  whole  waggon, 
which  must  necessarily  reduce  tlie  wear  and  tear  of  that  i:)ortion 
of  the  waggon,  when  contrasted  with  the  present  mode  of  spring 
fixing,  where  the  bearing  surface  amounts  only  to  64  square  inches ; 
assuming  a  loaded  waggm  to  weigh  12  tons  gross,  in  the  former. case 
the  pressure  per  square  inch  amounts  to  105  lbs.,  and  in  the  latter 
to  420  lbs. ;  the  action  of  the  waggon  springs  is  in  consequence  so 
easy  as  to  be  almost  equal  to  that  of  a  first-class  carriage  fitted  with 
seroU-ii'ons,  if  the  same  length  of  spring  is  used  in  each. 

In  conclusion  it  may  be  mentioned,  that  during  the  last  six  mouths, 
out  of  a  stock  of  4000  waggons  fitted  witli  ordinary  axle  boxes,  on  the 
Manchester,  Sheffield,  and  Liucolnshii-e  Hail  way,  there  have  been  81 
hot  journals,  70  brasses  destroyed,  and  28  journals  rendered  unfit  for 
use,  involving  great  exi)ciisu  in  repairs.  A  similar  return  from  the  East 
Lancashire  Eailway,  fur  the  last  eight  months,  out  of  a  stock  of  IGOO 
waggons,  gives  a  total  of  44  hot  journals  from  brasses  turning  in 
their  seats,  22  brasses  destroyed,  and  3  journals  rendered  unfit  for  use, 
exclusive  of  spoiled  axle  boxes.  On  the  contrary,  with  the  waggons  fitted 
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with  the  improved  axle  boxes  and  spring  fixings,  there  has  not  been  a 
single  instance  of  a  hot  axle  box,  although  upwards  of  sixty  sets  have 
been  in  daily  use  for  the  last  eight  months. 


A  number  of  sjiecimens  were  exhibited  of  worn  and  broken 
shoe-plates,  and  of  damaged  journals,  and  of  brasses  taken  from 
waggons  running  on  the  Manchester,  Sheffield,  and  Lincolnshire 
Eailway ;  also  specimens  of  the  improved  spring  fittings  and  axle 
box,  described  in  the  paper. 

The  Chairman  observed  that  in  the  ordinary  mode  of  lubricating 
railway  axles,  as  the  grease  employed  was  only  in  a  soft  state, 
and  not  fluid,  it  recjuircd  to  be  slightly  warmed  before  it  would  run 
down  sufficiently  to  lubricate  the  journal;  and  the  construction  of 
the  bearing  brass  described  in  the  paper,  owing  to  the  projection  of  a 
j)art  of  its  substance  into  the  grease-chamber,  appeared  to  have  an 
advantage  over  the  ordinary  plan,  in  producing  this  efl:ect  sooner,  and 
with  a  smaller  rise  of  temperature  in  the  bearing  and  the  journal. 

Mr.  Newall  had  made  a  trial  of  the  new  axle  box  and  spring 
fittings,  upon  the  East  Lancashire  Eailway,  and  found  them  very 
satisfactory;  he  had  had  ten  sets  of  them  running  there  during 
the  last  four  months,  and  they  had  proved  at  present  so  successful  that 
he  intended  to  try  them  more  extensively  ;  no  heating  or  other  trouble 
had  occurred  with  them,  but  with  the  ordinary  construction  of  axle 
box  he  had  experienced  great  inconvenience  and  expense  from  heated 
journals,  through  dirt  getting  into  the  grease- chambers,  and  the  dis- 
placement of  the  bearing  brasses  ;  the  concussions  of  the  waggons  in 
shunting  were  the  main  cause  of  the  brasses  getting  displaced.  He 
considered  half  the  expense  of  current  rej)airs  in  lifting  waggons  was 
occasioned  by  defective  lubrication,  and  had  made  trial  of  several 
plans  for  effecting  an  improvement ;  but  he  had  certainly  not  found 
any  so  successful  as  the  plan  now  described.  The  brasses  wanted  no 
fitting  in  putting  them  into  the  axle  boxes,  and  as  far  as  he  had  tried 
tliem,  they  had  proved  very  gatisf.ictorj  in  lubrication.     The  mode  of 
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attaching  the  spring  ends  by  means  of  the  sliding  shoes  was  more 
durable,  and  gave  a  more  free  action  of  the  spring  than  the  ordinary- 
plan,  and  also  prevented  the  spring  from  getting  out  of  place ;  and 
a  considerable  saving  of  time  and  expense  in  lifting  was  caused  by 
having  the  springs  secured  to  the  waggon  frame. 

Mr.  Beyeb  had  seen  both  the  plans  at  work,  and  thought  the  new 
brass  was  an  improvemi  ut  in  affording  a  more  immediate  con- 
tact of  the  journal  with  the  grease,  and  means  of  communicating 
the  heat  direct  from  the  journal,  instead  of  requiring  it  to  pass 
through  the  thickness  of  the  cast-iron  box,  as  in  the  ordinary  make. 
The  wood  cover  of  the  grease-chamber  appeared  to  him  ratter 
objectionable,  as  liable  to  come  out  of  its  place  in  running. 

Mr.  Jackson  suggested  that  a  simple  india-rubber  spring  might  be 
applied  if  requisite  to  prevent  the  covers  jumping  out. 

Mr.  Newall  had  not  found  them  at  all  liable  to  come  out,  and  the 
wood  plug  had  an  advantage  in  squeezing  the  grease  down  on  to  the 
journal  when  pushed  into  its  place.  The  iron  covers  were  objection- 
able from  their  looseness  and  rattling,  and  they  were  found  to  get  very 
hot  in  the  sun,  causing  the  grease  to  be  melted  and  wasted,  which  was 
prevented  by  the  wood  covers. 

Mr.  A.  Sinclair  said  that  with  the  new  axle  boxes  in  use  on  the 
Manchester,  Sheffield,  and  Lincolnshire  Hailway,  the  wood  plugs  had 
been  found  to  keep  in  their  jjlaces  quite  securely ;  they  were  a  little 
tapered,  and  fitted  tight  in  the  sockets ;  the  plugs  first  used  were  made 
rather  longer,  but  they  had  subsequently  been  shortened,  as  the  extra 
length  was  found  to  be  unnecessary. 

The  Chaieman  said  he  had  not  observed  the  new  axle  boxes  at 
work,  but  he  had  witnessed  some  experiments  that  had  been  made  as 
to  the  comparative  efficiency  of  the  new  form  and  the  ordinary  form 
of  bearing  brass,  and  the  result  was  decidedly  favourable  to  the  greater 
readiness  with  which  the  new  brass  softened  the  grease,  and  lubricated 
the  JDurnal. 

!Mr.  Beyeii  was  also  present  at  the  experiments  referred  to,  which 
were  made  with  two  similar  journals  on  an  axle  revolving  at  the  same 
time  in  the  two  brasses  uuder  comparison ;  and  the  gi'case  was  found 
to  bo  melted  in  about  ten  minutes  with  the  new  form  of  brass,  but  it 
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took  above  twenty  minutes  with  the  old  one.  The  temperature  of  the 
axle  was  about  twenty  degrees  higher  in  the  latter  case,  and  the  brass 
became  partly  cut,  but  the  other  one  kept  in  good  order.  The  two 
brasses  were  of  the  same  material,  and  of  the  same  size  of  grease  hole. 
The  axle  was  driven  by  a  pulley,  and  at  a  speed  corresponding  to  about 
fifty  miles  an  hour  speed  of  a  railway  carriage. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Craig  for  his 
paper,  which  was  passed. 


The  following  Paper,  by  Mr.  Thomas  Dunn,  of  Manchester,  was 
then  read : — 


DESCRIPTION  OF  A  KEW  DUPLICATE  EETORT  STEAM 

BOILER. 

The  difficulties  and  expenses  attending  the  transit  of  large  Steam 
Boilers  made  on  the  ordinary  construction,  in  consequence  of  their 
unwieldy  size,  led  the  writer  of  the  present  paper  to  consider  the 
feasibility  of  forming  a  boiler  in  parts,  in  such  a  manner  that  it 
should  possess  the  advantages  of  the  ordinary  large  boilers  without 
their  disadvantages. 

The  large  boilers  in  common  use  weigh  in  some  cases  18  tons, 
and  their  bulk  is  sometimes  a  greater  objection  to  them  than  their 
weight,  causing  great  loss  of  time  and  expense.  As  a  practical 
illustration,  some  cases  may  be  referred  to,  that  have  occurred 
recently  in  the  writer's  experience,  and  have  caused  great  incon- 
venience and  expense. 

A  50  horse  power  boiler  that  had  to  be  sent  to  the  neighbourhood 
of  London,  measuring  22  ft.  long  and  6  J  ft.  diameter,  could  not  be 
conveyed  the  whole  distance  by  railway,  from  want  of  sufficient 
clearance  under  the  bridges,  and  had  to  be  drawn  part  of  the  way 
on  the  common  road,  requiring  24  horses,  and  more  at  the  hilly 
parts,  causing  serious  expense  and  delay. 

In  another  case  of  a  pair  of  boilers,  24  ft.  long  and  GJ  ft. 
diameter,   with  a   dome   3  ft.   high   riveted   upon   each,  the   same 
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caiise  prevented  them  from  being  conveyed  by  railway,  and  a  similar 
difficulty  occurred  on  the  common  road  from  the  arch  of  a  bridge 
being  too  low. 

In  shipping  to  foreign  countries,  the  great  bulk  and  weight  of 
boilers  becomes  a  very  serious  objection,  and  in  ihe  case  of  a  30 
horse  power  boiler,  sent  by  the  WTiter  to  Canada,  20  ft.  long  and  5.|  ft. 
diameter,  and  weighing  about  9  tons,  the  expense  of  transit  was 
increased  to  at  least  three  times  the  value  of  the  boiler,  by  the  extra 
expenses  attending  the  shipping  and  unloading  of  so  large  and 
heavy  a  mass,  and  the  difficulties  of  conveyance  over  bad  roads 
after  landing. 

From  the  above  examples,  and  many  others  that  might  be  cited, 
it  will  be  apparent  that  a  boiler  capable  of  being  readily  transported 
would  cause  great  saving  in  time  and  expense  of  transit.  Such  a 
boiler  must  also  satisfy  the  following  requirements : — it  must  be  able 
to  stand  a  working  pressure  of  not  less  than  200  lbs.  per  square 
inch ;  and  it  must  be  of  simple  construction,  and  must  admit  of 
being  easily  repaired. 

These  conditions  the  writer  believes  are  fulfilled  by  the  new 
boiler  described  in  the  present  paper,  which  consists  of  a  series  of 
small  cylindrical  boilers  or  retorts  placed  side  by  side,  and  connected 
together  by  pipes  at  the  extremities,  the  nvmiber  of  retorts  being 
such  that  their  total  capacity  shall  be  equal  to  that  of  a  single  largo 
boiler  of  ordinary  construction. 

The  new  boiler  is  shown  in  Figs.  1  to  4,  Plate  38. 

Fig.  1  is  a  plan  of  the  boiler. 

Fig.  2  is  a  longitudinal  section. 

Figs.  3  and  4  are  transverse  sections. 

AA  arc  the  cylinders  or  retorts,  made  of  the  best  wrought- 
iron  plates,  J  inch  thick,  9  feet  long,  and  17  inches  diameter ;  the 
ends  are  cast-iron  hemispherical  caps,  ^  inch  thick,  riveted  upon 
the  cylindrical  portion,  to.whicli  are  fixed  the  cast-iron  connections 
from  the  steam-chest  B,  the  feed-pipe  C,  and  mud-pipe  or  blow-off 
pipe  1).  The  retorts  are  built  into  the  side  walls  of  the  furnace  at 
each  end,  and  supported  on  a  saddle  of  firebrick  in  the  middle ;  they  are 
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placed  1 J  inch  apart,  the  space  between  them  being  closed  by  a  wedge- 
shaped  piece  of  firebrick,  leaving  the  whole  of  the  lower  semicircle 
exposed  to  the  flame,  and  half  of  the  upper.  The  plan  represents 
nine  of  the  retorts  arranged  side  by  side  and  across  a  double  furnace. 
The  flame  traverses  the  bottom  of  all  the  retorts,  and  then  passes 
to  the  top  through  the  double  arch  E,  returning  over  the  retorts  to 
the  front,  and  thence  to  the  chimney  at  F.  The  retorts  have  thus 
3-4ths  of  their  surface  exposed  direct  to  the  flame,  and  consequently 
absorb  a  great  quantity  of  heat.  The  cast-iron  ends  are  outside  the 
walls  of  the  furnace,  so  that  they  suifer  no  injury  from  exposure  to 
the  flames ;  whilst  their  extra  thickness  keeps  in  the  heat,  and 
renders  tbem  stronger  than  the  other  parts  of  the  boiler. 

The  steam-chest  B,  the  feed-pipe  C,  and  the  mud-pipe  D,  send 
off  branches  to  each  retort,  whereby  the  steam  is  carried  off  equally 
from  all,  and  an  equal  distribiition  of  the  feed  w'ater  is  produced. 
The  feed  water  is  introduced  at  the  opposite  end  to  that  at  which 
the  steam  is  taken  off,  but  the  mud-pipe  is  at  the  same  end  as  the 
steam-pipe  and  the  opposite  end  to  the  feed-pipe,  and  thus  the 
boilers  can  be  thoroughly  cleared  of  scale  or  deposit,  as  often  in  the 
clay  as  may  be  desired,  by  simply  opening  one  or  both  of  the  blow- 
off  cocks,  situated  at  the  ends  of  the  mud-pipe.  The  opposite  end 
of  the  retort,  at  which  the  feed  water  enters,  is  cast  with  two 
connections,  one  of  which  receives  the  feed-pipe,  and  the  other  is 
closed  by  a  cover  plate  ;  by  this  means,  when  the  boiler  is  reversed 
to  equalize  the  wear,  the  bottom  being  turned  upwards,  the  feed- 
pipe connection  then  becomes  the  closed  one,  and  the  one  pre- 
viously closed  now  receives  the  feed-pipe  ;  at  the  same  time,  the 
connections  of  the  steam  and  mud  pipes  at  the  other  end  of  the 
boiler  are  also  reversed,  merely  requiring  the  flange  joints  to  bo 
broken.  Each  end  is  provided  with  a  manhole,  and  thus  the  boiler 
can  easily  be  laid  clear  open  from  end  to  end. 

In  this  boiler  there  is  no  internal  flue,  and  no  part  is  exposed  to 
a  pressure  from  without,  tending  to  make  it  collapse,  but  all  the 
pressure  is  from  within.  The  nature  of  the  pressure  thus  renders 
the  boiler  safe,  in  contrast  with  those  having  an  internal  flue,  the 
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danger  of  which  has  been  experienced  in  several  recent  accidents ; 
in  one  instance,  the  pressure  was  45  lbs.  per  square  inch  when  the 
flue  collapsed,  and  in  the  case  of  a  locomotive  boiler,  having  a 
return  flue  30  inches  diameter,  made  of  ^  inch  Lo\\Tiioor  plate, 
the  flue  collapsed  and  blew  up  the  engine  when  it  had  not  been  at 
work  more  than  a  week. 

The  retort  boiler  has  no  small  tubes  connected  with  it,  and  tlius 
saves  the  trouble  and  expense  which  they  occasion,  particularly  with 
dirty  water  or  inexperienced  attendants  ;  at  the  same  time,  there  is  less 
tendency  to  accumulation  of  dej)Osit,  the  interior  of  the  retorts  being 
uninterrupted ;  and  in  case  any  dirt  should  collect,  the  mud-pipe  D 
gives  every  facility  for  cleaning  out,  and  the  retorts  may  be  examined 
at  any  time  by  means  of  the  manholes  at  each  end. 

The  peculiar  construction  of  the  boiler  prevents  the  adhesion  of 
incrustation  or  scale  of  more  th:in  l-16th  inch  thickness  to  the  in- 
ternal surface,  as  the  contraction  from  the  boiler  cooling  at  night 
loosens  the  scale,  and  the  formation  of  the  fresh  scale  forces  it  ofl'. 
Upon  removing  the  manhole  doors  to  clean  the  boiler,  the  dejjosit 
was  foimd  in  two  of  the  retorts  only,  the  remainder  being  almost 
free  from  deposit  of  any  kind,  after  13  weeks'  constant  working. 

The  small  diameter  of  the  retorts  increases  their  strength,  and 
accordingly  a  boiler  of  this  description  is  stronger  than  a  single 
large  boiler  of  equal  power.  One  of  the  retorts  has  been  proved  by 
hydraulic  pressure  up  to  300  lbs.  per  square  inch  without  bursting, 
being  at  least  three  times  the  ordinary  working  pressure. 

The  several  parts  are  all  duplicates  of  one  another,  so  that  they 
can  be  easily  replaced  when  injured  or  worn  out ;  or  the  power  of 
the  boiler  can  be  increased,  when  desired,  by  adding  more  retorts ; 
and  the  plain  cylindrical  shape  of  the  retorts  allows  of  their  being 
reversed  so  as  to  equalize  the  wear. 

The  new  boiler  combines  with  it  abundance  of  furnace  room, 
allowing  the  more  bulky  kinds  of  fuel  to  be  used,  such  as  brush- 
wood, peat,  sawdust,  or  the  cheapest  sort  of  coal,  and  afibrding 
space  for  the  addition  of  any  kind  of  smokc-buruing  apparatus  that 
may  be  desired. 
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A  boiler  of  the  above  construction  has  been  at  work  upwards  of 
ten  months  at  the  writer's  works,  in  Manchester,  and  has  given 
complete  satisfaction.  It  suj)plies  steam  at  a  pressure  of  50  lbs. 
per  square  inch  to  two  engines,  one  with  a  cylinder  of  8^  inches  by 
2  feet  stroke,  making  GO  revolutions  per  minute,  and  the  other  with 
a  cylinder  of  7^  inches  by  18  inches  stroke,  making  80  revolutions 
per  minute.  The  indicated  horse  power  of  the  two  engines  together 
is  17  horse  power,  the  average  pressure  of  steam  in  the  large  engine 
being  28i  lbs.  per  square  inch,  and  in  the  small  engine  27  lbs.  per 
square  inch.  The  boiler  also  works  a  steam  riveting  machine, 
30  inches  diameter,  and  equal  to  7  horse  power.  This,  together  with 
the  two  engines,  gives  a  total  of  24  horse  power.  The  consumption 
of  fuel  is  135  lbs.  per  hour  of  ordinary  furnace  coals,  or  about 
5j  lbs.  per  indicated  horse  power  per  hour  ;  but  the  boiler  is  working 
at  a  disadvantage  owing  to  the  length  of  the  steam  pipes  connecting 
it  with  the  engines  ;  one  being  180  feet  long  and  the  other  84  feet, 
and  passing  through  an  open  yard.  Taking  into  consideration  the 
loss  caused  by  radiation  from  this  extent  of  surface,  it  appears  that 
the  new  boiler  is  economical  and  cheap,  as  it  can  be  made  at  the 
same  price  as  an  ordinary  large  boiler  of  the  same  power.  Also  in 
consequence  of  the  small  weight  of  the  separate  parts  of  which  it 
is  composed,  the  heaviest  of  which  does  not  exceed  from  7  cwt.  to 
8  cwt.,  it  can  be  shipped  or  loaded  for  overland  transit  at  the  price 
of  ordinary  machinery,  with  an  important  saving  over  the  large 
boilers  at  present  manufactured. 


The  Chairman  observed  that  the  boiler  described  in  the  paper 
appeared  to  be  designed  more  particularly  with  a  view  to  portability 
and  lightness,  and  those  qualities  would  certainly  be  of  considerable 
advantage  in  many  cases.  From  the  mode  of  setting  the  boilers  with 
a  portion  of  their  upper  surfaces  exposed  to  the  flue,  it  appeared  that 
the  steam  would  be  partially  surcharged  with  heat,  and  some  caution 
would  be  requisite  to  prevent  this  being  carried  to  any  objectionable 
extent. 
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Mr.  Dunn  replied  that  it  was  only  tlie  return  flue,  to  whicla  the 
upper  surface  of  the  boilers  was  exposed ;  the  flame  first  passed  under 
the  whole  of  the  retort  boilers,  acting  on  the  lower  half  of  their 
surfaces,  and  then  returned  over  the  top  of  all  of  them,  acting  there 
on  half  of  the  upper  surface,  and  leaving  one  quarter  of  the  entire 
surface  of  each  protected  by  the  wedge-shaped  fire-bricks  fitted  in 
between  the  retorts ;  he  did  not  think  there  was  any  risk  of  heating 
the  steam  too  much. 

Mr.  Siemens  thought  the  steam  would  certainly  be  super-heated 
to  some  extent  by  the  exposure  of  the  upper  portion  of  the  boiler,  but 
this  would  prove  an  advantage,  as  steam  in  first  rising  from  water 
was  always  in  a  state  of  transition,  containing  a  portion  of  water  mixed 
with  it,  being  more  or  less  imperfect  as  a  gas.  When  this  steam  was 
heated,  a  very  rapid  rate  of  expansion  took  place  during  the  first  few 
degrees,  from  the  whole  being  transformed  into  a  perfect  gas ;  but  the 
expansion  afterwards  progressed  at  a  very  slow  rate,  approximating 
to  that  of  the  exj^ansion  of  air  by  heat.  Super-heated  steam  gave  an 
important  advantage  in  v;orking  expansively,  as  the  steam  on  entering 
the  cylinder  'at  the  beginniug  of  the  stroke  at  a  high  temperature 
became  partially  cooled  at  once,  by  the  cylinder  being  only  at  a  mean 
temperatiu'e  considerably  below  the  highest ;  and  in  this  case,  with 
ordinary  saturated  steam,  the  consequence  of  its  being  cooled  was  the 
condensation  of  a  portion  of  the  steam  at  every  stroke,  depositing  a 
dew  on  the  sides  of  the  cylinder ;  but  if  the  steam  were  super-heated 
sufficiently,  it  would  not  be  cooled  down  to  the  condensing  point,  and 
no  water  would  be  formed  in  the  cylinder.  The  difficulty  in  jnactically 
applying  super-heated  steam,  was  the  risk  of  over-heating  it,  in  which 
case  it  dried  up  the  lubricating  material  of  the  cylinder,  and  caused 
the  piston  to  grind.  The  boiler  that  had  been  described,  appeared  a 
good  plan  fur  accomplishing  the  object,  under  safe  control. 

Mr.  T.  Forsyth  had  seen  the  boiler  at  work,  and  was  much  pleased 
with  it ;  it  was  a  very  strong  construction,  and  the  ai-rangemcnt  was 
particularly  convenient  for  transit ;  he  had  had  exj)erieucc  on  railways 
of  the  serious  difficulties  and  delays  attending  the  carriage  of  largo 
boilers,  which  Mr.  Dunn's  arrangement  would  obviate.  He  agreed 
fully  in  tlic  value  of  super-lieated  steam,  and  thought  the  circumstance 
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of  the  present  boiler  having  worked  for  eight  months  at  the  time  he 
saw  it,  without  any  objection  beiog  experienced  from  the  steam  being 
over-heated,  was  a  good  test  of  the  principle  having  been  applied 
within  safe  limits. 

The  Chairman  enquired  what  difference  of  water  level  was  found 
throughout  the  boiler  ;  and  whether  any  difficulty  had  been  experienced 
from  priming. 

Mr.  Dunn  replied  that  the  water  level  was  about  one  inch  above 
the  centre  of  each  boiler,  and  very  little  difference  in  level  was  perceived 
between  the  two  end  boilers  and  the  middle  one,  where  water-gauges 
were  fixed.  There  had  not  been  any  difficulty  from  priming,  and  he 
thought  the  boiler  was  more  free  than  usual  from  this  objection. 

The  Chairman  enquired  what  difference  was  found  in  the  deposit 
as  compared  with  the  old  boiler  that  had  originally  supplied  the  place 
of  the  jDresent  boiler,  and  what  was  the  quality  of  the  water  used. 

Mr.  Dunn  replied  that  there  was  a  considerable  proj)ortion  of 
earthy  matter  in  the  water,  and  a  crust  was  formed  in  the  old  boiler 
of  §  to  ^  inch  thickness  in  the  course  of  four  months ;  but  in  the 
new  boiler  the  incrustation  never  extended  beyond  the  formation  of 
thin  scales,  less  than  ^  inch  thickness,  (specimens  of  which  were 
exhibited,)  which  became  regularly  shelled  off  by  the  alternate  expan- 
sion and  contraction,  and  were  mostly  blown  out  at  the  mud  pipe. 

Mr.  Beyer  had  seen  the  boiler,  and  the  feature  that  struck  him 
most  was  that  there  was  nothing  but  internal  pressure  throughout ;  he. 
thought  it  was  a  step  in  the  right  direction,  especially  for  boilers 
intended  for  high  pressures,  where  external  pressure  upon  cylindrical 
flues  became  particularly  unadvisable.  As  to  priming,  it  must  be 
observed  that  there  was  a  greater  proportion  of  water  surface  than 
usual,  which  rendered  the  liability  to  priming  less,  by  diminishing  the 
violence  of  ebullition.  There  was  also  a  separate  steam  chamber, 
which  would  help  in  separating  the  water  from  the  steam. 

The  Chairman  enquired  the  comparative  results  in  consumption  of 
fuel  with  the  old  boiler  and  the  present  one,  which  had  been  stated  to 
burn  5^  lbs.  of  coal  per  horse  power  per  hour. 

Mr.  Dunn  said'  he  was  not  able  to  give  the  comparative  consump- 
tion of  the  old  boiler  with  sufficient  accuracy  to  be  of  service  ;  it  was 
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a  cylindrical  boiler,  with  a  single  flue,  but  was  old  and  out  of  order, 
and  the  consumption  would  be  above  the  average. 

Mr.  Jackson  observed,  that  it  was  important  to  have  an  economical 
boiler,  and  some  constructions  in  use  were  much  more  expensive  in 
fuel  than  others. 

Mr.  LoNGKiDGE  thought  a  consumption  of  5^  lbs.  per  indicated 
horse  power  was  rather  high,  but  the  engine  might  perhaps  be  in 
fault;  some  engines  in  the  neighbourhood  were  working  with  only 
3  lbs.  of  coal  per  indicated  horse  power  per  hour.  He  enquired  whether 
the  water  evaporated  per  lb.  of  fuel  could  be  stated,  as  that  was  the 
only  correct  test  of  economy  in  the  use  of  the  fuel.  In  the  boiler  that 
had  been  shown,  he  thought  there  would  be  some  risk  of  over-heating 
the  steam  too  much,  as  the  brickwork  at  top  might  perhaps  get  red 
hot;  there  were  certainly  advantages  in  super-healing  the  steam,  if 
this  were  not  carried  too  far,  but  it  was  very  important  to  avoid  any 
risk  of  such  an  occurrence. 

Mr.  Dunn  said  he  had  not  had  an  opportunity  at  present  of  correctly 
measuring  the  water  evaporated  ;  he  did  not  suppose  the  boiler  was 
quite  so  economical  in  fuel  as  some  of  the  best  forms,  but  thought  it 
would  show  a  good  comparison  with  those  in  ordinary  use ;  his  particular 
object,  hoifrever,  had  been  to  obtain  portability  and  convenience  for 
repairs  and  renewal. 

Mr.  Beyer  remarked  that  the  boiler  that  was  at  work  could  not  be 
taken  as  a  test  of  the  evaporative  economy  of  the  plan,  in  consequence 
of  the  great  extent  of  steam-pipe  and  steam-chamber  exposed  to  loss 
of  temperature. 

The  Chauoiax  moved  a  vote  of  thanks  to  Mr.  Dunn  for  his  paper, 
which  was  passed.  

The  fullowiug  Paper,  by  Mr.  "William  B.  Johnson,  of  Manchester, 
was  then  read : — 

DESCIllPTION  OF  AN  IMPROVED  HORIZONTAL 
CONDENSING  STEAM  ENGINE. 

The  engine  described  in  the  present  paper  has  been  especially 
designed  for  stationary  purposes,  and  is  found  to  possess  the  advantages 
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of  simplicity  of  construction,  stability  in  working,  and  facility  of  access 
to  its  various  parts.  The  author  has  superintended  the  construction  of 
several  stationary  engines,  made  according  to  this  arrangement,  and 
their  working  has  proved  very  successful. 

The  designing  of  stationary  steam  engines  is  perhaps  attended  with 
less  difficulty  than  that  of  either  locomotive  or  marine  steam  engines, 
not  being  limited,  as  the  latter  necessarily  are,  within  certain  prescribed 
bounds,  both  as  to  the  size  and  weight. 

In  most  cases  the  space  available  for  stationary  engines  is  practically 
unlimited,  and  their  weight,  except  so  far  as  the  first  cost  is  concerned,  • 
is  of  no  importance.  With  such  freedom  in  designing,  simplicity  of 
construction,  and  ready  access  to  the  various  parts  may  be  studied  with 
considerable  advantage,  as  being  two  important  elements  which 
require  much  attention,  in  order  to  make  stationary  engines  mode- 
rate in  cost,  in  the  fii'st  instance,  and  convenient  in  use  or  working. 
Simplicity  of  construction  and  facility  of  access  to  all  parts  of  astatiouary 
engine  appear  to  be  more  obtainable  by  the  use  of  the  horizontal  con- 
struction than  by  any  other  arrangement ;  and  this  circumstance  induced 
the  author  to  direct  his  attention  more  especially  to  the  adaptation  of 
this  mode  of  construction  to  the  purposes  of  a  stationary  engine. 

The  engine  forming  the  subject  of  this  jiaper  is  shown  in  the 
longitudinal  and  transverse  sections,  Figs.  1,  2,  3,  and  4,  Plate  39. 

The  steam  cylinder  A  is  of  the  ordinary  construction,  with  the 
exception  that  the  part  for  securing  it  to  the  framing  consists  of  a 
circular  flange  B,  formed  at  the  end  of  the  cylinder  next  to  the  framing  ; 
this  flange  is  made  to  fit  against  another  flange  of  the  same  diameter, 
formed  at  the  end  of  the  framing  C,  and  the  cylinder  is  secured  to 
the  framing  by  means  of  bolts  passing  through  the  flangQS. 

The  framing  is  composed  of  one  casting ;  from  the  end  next  to  the 
cylinder  to  the  opposite  end  of  the  piston-rod  guide  bars,  the  parts  CO 
of  the  framing  are  placed  under  and  above  the  centre  line  of  the  piston- 
rod  ;  the  remaining  part  D,  from  the  piston-rod  guide-bars  to  the  crank- 
shaft bearing,  is  placed  in  a  line  with  the  centre  of  the  length  of  the 
crank-shaft  bearing.  The  framing  is  strengthened  by  flanges  at  its 
upper  and  lower  edges,  the  lower  flange  forming  the  foot  of  the  framing, 
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and  being  secured  by  holding  down  bolts  to  the  foundations.  In  the 
framing  are  made  the  openings  required  for  the  piston-rod  guides  and 
the  crank-shaft  bearing  ;  the  flange  joint  B  is  the  only  connection  that 
has  to  be  made,  in  order  to  secure  the  cylinder  and  crank-shaft  bearing 
firmly  to  each  other. 

The  cylinder  slide  valve  is  placed  on  one  side  of  the  cylinder,  Fig.  4, 
and  the  condenser  E  below,  forming  a  foot  or  support  for  the  cylinder, 
and  the  exhaust  steam  enters  the  condenser  by  the  passage  F,  the 
condensing  water  being  injected  through  a  perforated  injection  pipe. 
The  air  pump  G  is  situated  below  the  condenser,  forming  part  of  the 
same  casting,  and  is  placed  in  a  horizontal  position ;  the  plunger  is 
worked  from  the  piston-rod  by  means  of  the  levers  H,  placed  one  on 
each  side  of  the  framing,  and  fixed  on  tlie  same  centre  pin ;  the  upper 
ends  of  the  levers  are  connected  by  a  pair  of  rods  to  the  piston-rod  cross- 
bar, and  the  lower  ends  by  a  cross-bar  and  rod  to  the  air  pump  plunger, 
giving  it  a  stroke  half  of  that  of  the  steam  piston.  The  air  pump  valves 
are  both  circular  metal  valves,  and  move  upon  a  vertical  fixed  spindle  ; 
the  lower  valve  communicates  with  the  condenser  by  means  of  passages 
formed  on  each  side  of  the  air  pimip  in  the  end  of  the  condenser  next 
to  the  valves ;  the  upper  valve  delivers  the  waste  water  from  the 
air  pump  into  the  hot  well,  whence  it  is  conveyed  away. 

The  level  of  the  engine-house  floor  is  made  to  agree  with  the  under- 
side of  the  condenser  or  air  pump,  whereby  the  centre  of  the  engine 
and  most  of  its  working  parts  are  raised,  and  are  thus  placed  in  the  most 
convenient  position  for  examination,  oiling,  &c.  The  air  pump  plunger 
can  be  packed  or  tightened  up  without  removing  any  part  of  the  engine. 
The  air  pump  valves  can  be  taken  out  and  examined  by  the  removal 
only  of  the  top  cover  of  the  valve  box.  The  cylinder  piston  can  be 
examined  by  the  removal  of  the  cylinder  cover  at  the  outer  end,  and 
the  cylinder  slide  valve  by  removing  a  cover  at  the  same  end  of  the 
engine.  No  part  of  the  engine  is  placed  under  the  engine-house  floor, 
except  the  water  piping,  and  no  part  higher  than  the  engineman  can 
reach  conveniently. 

In  engines  having  cylinders  of  more  than  16  inches  diameter,  the 
piston-rod  is  continued  through  both  ends  of  the  cylinder,  and  in  tlie 
stufliMf^-boxos  are  placed  two   long  bushes,  divided  into  two  halves 
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horizontally,  and  as  tlic  lower  halves  wear  away  by  carrying  the  weight 
of  the  piston,  and  rod,  they  are  raised  by  set  pins,  so  that  the  piston  is 
kept  in  its  correct  line  of  movement,  and  prevented  from  bearing  too 
much  on  the  lower  side  of  the  cylinder.  This  adjustment  is  effected 
without  removing  any  part  of  the  engine,  except  the  glands,  which  arc 
used  to  determine  whether  the  piston-rod  is  central  wdth  the  stiiffiug- 
box,  and  consequently  the  piston  true  with  the  cylinder.  The  pistou- 
rod  guide-bars  are  permanently  fixed  to  the  framing  C,  parallel  with 
the  cylinder.  The  slide  blocks  are  placed  further  apart,  as  they  are 
worn  away,  by  set  screws  and  nuts,  which  also  serve  to  adjust  the 
position  of  the  piston-rod  cross-head  to  the  centre  line  of  the  cylinder. 
The  lower  nut  is  first  used  to  adjust  the  height  of  the  cross-head,  the 
correct  position  of  which  is  ascertained  by  moving  the  piston-rod  gland 
backwards  and  forwards  in  the  stuf&ng-box.  The  upper  nut  then 
regulates  the  position  of  the  upper  slide  block,  to  fill  up  the  space 
between  the  slide  bars  suitably  for  working. 

Condensing  and  non-condensing  engines,  of  from  8  to  70  horse 
power  nominal,  have  been  made  according  to  the  arrangement  above 
described ;  and  in  some  cases,  two  cylinders,  one  non-condensing,  and 
the  other  condensing,  have  been  coupled  to  one  shaft,  working  on  what 
is  usually  termed  the  "  compound  principle,"  the  cranks  being  keyed 
at  right  angles  with  each  other,  one  at  each  end  of  the  shaft. 

The  indicator  diagrams  obtained  from  these  compound  engines  are 
in  general  similar  to  those  shown  in  Fig.  5,  Plate  40,  the  upper  being 
taken  from  the  non-condensing  cylinder,  and  the  lower  from  the  con- 
densing cylinder ;  the  latter  diagram  is  shown  divided  in  the  centre, 
and  the  two  halves  transposed,  for  the  purpose  of  showing  them  in 
connection  with  the  corresponding  portions  of  the  diagram  from  the 
non-condensing  cylinder.  The  steam  side  of  the  diagram  from  the 
non-condensing  cylinder  is  more  or  less  full,  according  to  the  extent  to 
which  the  steam  is  expanded.  The  irregular  line  on  the  exhaust  side 
of  this  diagram  arises  from  the  cylinders  being  at  right  angles  with 
each  other.  At  the  point  K,  the  crank  of  the  condensing  cylinder  is 
passing  the  centre,  and  consequently  it  is  not  taking  steam  from  the 
non-condensing  cylinder ;  the  exhaust  steam  of  the  non-condensing 
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cylinder  is  accordingly  slightly  compressed  a  little  before  and  after  the 
point  K,  but  this  compression  produces  a  corresponding  increase  of 
force  acting  upon  the  condensing  cylinder  at  the  commencement  of  its 
stroke.  To  avoid  as  much  as  possible  this  compx-cssion  on  the  exhaust 
side  of  the  piston  of  the  non-condensing  cylinder,  the  slide  valve  of 
the  condensing  cylinder  has  little  or  no  lap  on  its  steam  side,  as 
appears  by  reference  to  the  diagram  of  the  condensing  cylinder.  The 
irregularity  on  the  steam  side  of  this  diagram  is  occasioned  by  the 
exhaust  of  the  non-condensing  cylinder  taking  place  at  about  the 
centre  of  the  stroke  of  the  condensing  cylinder.  Diagrams  taken 
from  these  compound  engines,  when  working  in  the  ordinary  manner, 
with  cranks  not  at  right  angles  but  opposite,  or  on  the  same  side,  are 
of  course  free  from  these  irregularities. 


The  Chairman  observed  that  the  engine  appeared  a  convenient 
and  compact  arrangement,  for  obtaining  a  condensing  engine  with 
economy  of  space  and  material,  and  with  a  ready  access  to  all  the  parts. 
He  enquired  whether  there  were  any  of  the  engines  at  work  in  Man- 
chester. 

Mr.  Johnson  replied  that  there  were  several  of  the  engines  working 
in  the  neighbourhood,  of  various  sizes,  up  to  50  horse  power,  and  a 
pair  were  being  erected  at  Messrs.  Ormcrod's  Works,  in  Manchester, 
one  non-condensing  and  the  other  condensing,  working  together  with 
cranks  at  right  angles.  There  was  a  little  irregularity  in  the  diagram 
in  that  arrangement,  which  was  avoided  when  the  strokes  of  the  two 
cylinders  coincided,  but  the  total  loss  of  power  was  very  small,  and 
there  was  the  advantage  of  much  greater  uniformity  in  the  driving 
power  throughout  the  revolution, 

Mr.  Siemens  had  seen  a  somewhat  similar  arrangement  of  engine 
in  France,  by  Farcot,  in  which  there  was  the  addition  of  a  steam-jacket 
to  the  cylinder,  which  lie  considered  was  an  improvement.  The  steam- 
jacket  was  not  sufficiently  appreciated  at  present,  and  might  be  used 
more  extensively  with  decided  advantage.  M.  Farcot  had  obtained 
important  results  in  economy  by  casing  both  the  sides  and  ends  of  the 
cylinder  witli  a  steam-jacket,  so  as  to  maintain  the  whole  mass  of  the 
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cylinder  constantly  at  the  highest  temperature  of  the  steam,  and  by 
that  means  prevent  the  condensation  of  the  steam  at  the  com- 
mencement of  the  stroke,  which  was  caused  by  contact  with  the 
colder  metal  of  the  cylinder,  when  the  latter  was  allowed  to  assume 
a  mean  temperature. 

Mr.  Johnson  doubted  whether  a  steam-jacket  would  prove  a 
practical  advantage  to  a  sufficient  extent  to  compensate  for  the 
greater  complexity ;  there  would  also  be  a  greater  proportionate 
loss  of  heat  by  radiation  from  the  increased  area  of  external  sui-face 
of  the  steam-jacket,  and  there  was  a  difficulty  in  maintaining  the 
joints  steam  tight,  from  the  diffi3rence  of  expansion  in  large  cylin- 
ders. An  oscillation  of  temperature  undoubtedly  took  place  in  the 
cylinder  during  the  stroke,  and  this  oscillation  was  of  considerable 
amount  in  the  case  of  expanding  the  steam  to  a  high  degree ;  a 
film  of  the  internal  surface  of  the  cylinder  being  alternately  heated 
and  cooled,  from  the  temperature  of  the  high-pressure  steam  on 
entering  the  cylinder  being  much  higher  than  that  of  the  expanded 
steam  at  the  end  of  the  stroke ;  the  average  temperature  of  the 
cylinder  being  a  mean  between  those  two  extremes.  But  he  did 
not  see  that  an  advantage  would  result  from  adding  heat  to  the 
cylinder,  so  as  to  maintain  its  temperature  throughout  the  stroke 
at  the  highest  point,  as  this  heat  would  only  be  obtained  at  the 
expense  of  the  boiler,  all  the  heat  being  supplied  from  that  source, 
so  that  the  additional  heat  would  be  merely  employed  in  the  cylin- 
der instead  of  in  the  boiler.  It  appeared  to  him  that  a  complete 
clothing  of  the  cylinder  with  felt,  or  other  non-conducting  materials, 
so  as  to  prevent  loss  of  heat  by  radiation,  would  answer  the  purpose 
as  well.  When  the  expansion  of  the  steam  was  carried  to  a  high 
degree,  he  considered  the  use  of  a  double-cylinder  engine,  although 
the  total  external  cylinder  surface  was  greater,  was  preferable  to 
expanding  the  whole  amount  in  one  cylinder,  as  the  total  change  of 
temperature  in  either  cylinder  was  then  limited  to  half  the  range, 
from  the  expansion  taking  place  in  two  successive  stages. 

Mr.  Siemens  considered  that  clothing  the  cylinder  to  prevent 
radiation  of  heat  prevented  only  the  smaller  portion  of  the  whole  loss. 
The  loss  that  arose  from  condensation  of  the  steam  in  the  cylinder 
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was  considerably  greater  tlian  that  from  radiation,  amounting  in 
some  cases  to  as  much  as  30  per  cent,  of  the  whole  power  of  the 
steam,  or  even  more,  as  had  been  proved  in  the  case  of  locomotive 
engines  by  Mr.  D.  K.  Clark.  Although  the  steam  that  was  condensed 
in  the  cylinder  at  the  commencement  of  the  stroke  became  partially 
evaporated  again  in  the  latter  part  of  the  stroke,  in  consequence  of 
the  cylinder  being  hotter  than  the  steam  when  the  latter  was  con- 
siderably expanded,  yet  this  regeneration  of  the  steam  took  place  when 
the  stroke  was  conii)leted,  and  produced  only  the  effect  of  impeding 
the  formation  of  a  vacuuDi,  without  having  exerted  any  useful  pressure 
upon  the  piston.  The  only  way  to  obviate  this  loss  was  to  maintain 
the  cylinder  constantly  at  the  highest  temperature  of  the  steam, 
by  the  provision  of  a  steam-jacket,  or  other  means,  so  as  to  prevent 
any  condensation  taking  place  in  the  cylinder. 

Mr.  Johnson  thought  the  slow  conducting  power  of  the  cast-iron 
cylinder  had  to  be  taken  into  account,  and  supposing  tbe  metal  an 
inch  thick,  there  would  be  only  a  comparatively  thin  film  of  the 
interior  surface  that  suffered  the  extreme  oscillation  of  temperature, 
which  would  amount  to  a  range  of  about  150^  in  the  case  of  60  lbs. 
steam  being  expanded  down  nearly  to  a  vacuum.  A  steam-jacket 
could  supply  heat  only  on  the  outside,  and  he  thought  the  external 
heating  would  not  pass  through  the  metal  rapidly  enough  during 
the  time  of  the  stroke,  to  prevent  a  considerable  alteration  of  tem- 
perature still  taking  place  on  the  interior  surface  of  the  cylinder. 
He  enquired  whether  the  French  engine  that  had  been  mentioned 
bad  a  double  cylinder,  or  only  a  single  cylinder,  as  in  the  latter  case 
the  change  of  temperature  in  the  cylinder  being  greater,  a  steam- 
jacket  would  have  more  effect. 

Mr.  Siemens  replied  that  it  was  a  single  cylinder  engine,  high- 
pressure  and  condensing.  Ho  thought  it  was  requisite  to  take  into 
account  the  total  quantities  of  heat,  and  not  merely  the  difference 
of  temperature,  as  the  whole  latent  heat  of  the  steam  was  absorbed 
by  the  cylinder  from  the  portion  that  was  condensed  into  water. 
If  the  cylinder  were  hot  enough  at  the  beginning  of  the  stroke  to 
prevent  condensation  of  the  steam,  there  remained  only  the  cooling 
of  the  cylinder  by   expansion   to  be   contended   with ;  and  then  it 
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must  be  i*emembered  that  dry  steam  as  a  perfect  gas  was  a  very  slow 
conductor  of  heat,  and  consequently  could  not  produce  mucli  eflfect 
in  cooling  the  surface  of  the  cylinder  by  contact  during  expansion. 

Mr.  LoNGRiDGE  agreed  in  the  value  of  the  steam-jacket,  and 
believed  that  an  important  economy  was  obtained  by  maintaining 
the  cylinder  at  the  highest  temperature  of  the  steam.  This  might 
be  effected  by  a  casing  of  heated  air  instead  of  a  steam-jacket,  and 
that  plan  had  the  advantage  of  not  requiring  steam-tight  joints  for 
the  casing,  though  of  course  proper  precautions  were  requisite  to 
prevent  any  risk  of  over-heating  the  cylinder.  It  was  employed  in 
Cornwall,  and  he  believed  the  results  were  quite  satisfactory ;  the 
cylinders  were  heated  by  a  fire  below,  with  flues  passing  round  the 
cylinder  in  a  spiral  direction,  and  the  top  cover  was  also  heated,  so 
that  the  steam  never  came  in  contact  with  anything  colder  than 
itself,  and  was  partly  super-heated  during  expansion. 

The  Chaibman  remarked  that  his  experience  of  locomotive 
engines  confi.rmed  the  opinion  about  condensation  taking  place  in 
exposed  cylinders,  as  there  was  considerably  less  priming  with 
inside  cylinders  than  with  outside  cylinders,  the  inside  cylinders 
being  enclosed  in  the  smoke  box,  and  kept  hot  in  fact  by  a  heated  air 
casing.  A  considerable  economy  of  steam  must  result  in  that 
case,  but  he  doubted  any  very  material  economy  resulting  from  the 
use  of  a  steam-jacket,  as  the  boiler  was  then  the  only  supply 
of  heat. 

Mr.  Peacock  had  also  experienced  a  greater  amount  of  priming 
with  outside  than  with  inside  locomotive  cylinders;  and  believed 
the  difference  arose  from  the  *  outside  cylinders  being  more  ex- 
posed to  cooling,  causing  a  partial  condensation  of  the  steam  in 
consequence. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Johnson  for  his 

paper,  which  was  passed. 


The  following  Paper,  by  Mr.  John  Kamabottom,  of  Manchester, 
was  then  read  : — 
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ON  THE  CONSTRUCTION  OF  PACKING  RINGS*  FOR 
PISTONS. 

The  writer  of  tlie  present  j^apei* — having  invented  a  few  years  ago 
a  metallic  piston,  v/hicli  was  described  at  a  former  meeting,  (see  Pro- 
ceedings Inst.  M.  E.,  1854,  page  70,)  the  packing  of  which  is  forced 
against  the  working  surface  of  the  cylinder  by  its  own  elasticity, 
and  owing  to  its  being  comparatively  slender  in  cross  section,  had 
to  be  left  about  10  per  cent,  larger  in  diameter  than  the  block  of  the 
piston,  in  order  to  give  the  requisite  pressure  for  preventing  the  passage 
of  steam — found,  that  when  such  packing  was  made  of  a  circular  figure 
before  being  compressed,  it  was  invariably  w'orn  more  rapidly  at  the 
joint,  and  at  the  part  ojiposite,  as  at  A,  B,  and  C,  Fig.  1,  Plate  40, 
than  at  the  intermediate  parts  D,  and  E.  It  is  very  natui'al  that  this 
should  be  the  case,  and  it  has  been  the  practice  with  many  engineers, 
when  using  packing  rings  which  are  pressed  against  the  cylinder  by 
their  own  elasticity  alone,  to  make  the  part  C,  Fig.  2,  opposite  the 
joint,  where  there  is  clearly  the  most  strain,  stronger  than  any  other, 
each  half  being  tapered  off  to  the  joint ;  although  the  writer  is  not 
aware  that  this  has  been  done  by  any  positive  rule. 

It  was  taken  for  granted  that  the  unequal  wear  above  referred  to 
was  owing  to  the  pressure  against  the  cylinder  being  unequal  in 
different  parts  of  the  ring,  and  s^  the  packing  rings  used  by  the  writer 
are  made  of  wire  or  drawn  rods,  and  consequently  uniform  in  thickness, 
it  was  found  impracticable  to  ensure  this  equable  pressure  by  tapering 
the  ring,  as  in  Fig.  2 ;  but  as  this  uniform  pressure  can  be  obtained 
by  making  the  packing  ring  truly  circular  in  figure,  but  tinequal  in 
thichicss,  it  occurred  to  the  writer,  inasmuch  as  the  rings  which  he 
employs  are  bent  and  not  turned,  that  the  same  end  might  be  gained, 
by  conversely  making  the  ring  equal  in  strength  of  material,  but  unequal 
in  figure,  or  in  other  words  that  a  ring  might  be  made  of  such  a  shajJC, 
that  although  uniform  in  cross  section,  it  would  press  equally  against 
the  working  surface  of  the  cylinder  all  round. 

It  may  be  possible  to  determine  geometrically  the  form  of  ring 
required,  but  the  writer  preferred  to  solve  the  question  in  a  practical 
manner  by  the  following  method : — a  ring  was  first  bent  truly  circular 
in  shape,  and  of  a  diameter  exactly  equal  to  that  of  the  piston  for 
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wliicli  it  was  intended,  the  ends  just  touching  at  the  joint,  but  without 
pressure;  this  ring  was  then  placed  upon  a  circular  table,  Fig.  3, and 
a  number  of  strings,  say  24  in  all,  were  attached  at  equal  distances 
apart  round  the  circumference,  and  passed  over  the  same  number  of 
small  pulleys  which  were  fixed  at  equal  distances  round  the  edge  of 
the  table ;  to  these  strings  were  attached  equal  weights  FF,  which 
acting  upon  equal  portions  of  the  circumference  of  the  circular  ring, 
hrought  it  into  the  shape  shown  in  Fig.  3,  GG.  The  writer  then  con- 
ceived that  if  a  true  circle  were  brought  into  this  shape,  when  subjected 
to  equal  radial  forces  acting  upon  equal  portions  of  its  circumference, 
another  ring  bent  to  the  figure  so  obtained  would  conversely  be 
brought  to  a  truly  circular  shape  by  the  application  of  equal  forces 
acting  in  the  opposite  direction,  that  is,  towards  the  centre  instead  of 
from  it ;  and  practice  has  proved  that  such  a  conclusion  was  correct, 
for  a  ring  so  bent  is  found  to  wear  equally  throughout,  and  to  last 
much  longer  than  those  originally  made  circular  in  figure. 

In  trying  these  experiments,  an  important  fact  has  been  incidentally 
discovered,  namely,  that  the  force  required  to  keep  the  packing  in  con- 
tact with  the  working  surface  of  the  cylinder,  even  at  pressures  ex- 
ceeding 100  lbs.  per  square  inch,  is  much  less  than  is  generally  sup- 
posed. It  has  been  argued  that  the  pressure  per  square  inch  on  the 
rubbing  surface  must  be  at  least  equal  to  the  steam  pressure  which 
has  to  be  resisted ;  but  so  far  from  this  being  the  case,  experiment  has 
led  the  writer  to  the  conclusion,  that  as  resj^ects  the  pistons  of  loco- 
motive engines,  this  need  not  exceed  3^  lbs.  per  square  inch  of  rubbing 
surface,  even  when  the  rings  are  new  and  exerting  their  maximum 
force ;  and  as  these  packing  rings  are  practically  steam  tight  until 
half  worn,  it  follows  that  the  average  pressure  upon  the  working 
surface  of  the  cylinder  does  not  amount  to  3  lbs.  per  square  inch. 
This  slight  pressure,  taken  in  connection  with  the  small  amount  of 
rubbing  surface,  is  sufficient  to  account  for  the  satisfactory  perform- 
ance of  this  description  of  packing. 


Mr.  Jackson  showed  the  apparatus  in  operation  for  ascertaining 
the  correct  curve  for  the  piston  rings,  and  exhibited  two  sets  of  the 
rings  that  had  been  curved  on  the  improved  plan,  and  had  worked 
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ill  two  pairs  of  pistons  for  12,694  and  10.012  miles  respectively, 
sliowing  a  very  uniform  wear  of  the  rings  throughout  their  length. 

Mr.  Joy  observed  that  he  had  found  a  long  and  light  elasticity 
was  the  right  plan  for  the  packing  of  a  piston  ;  and  the  results  of 
his  experience  confirmed  the  statement  in  the  paper,  as  to  a  very 
light  pressure  of  the  packing  rings,  not  exceeding  3  or  4  lbs.  per 
square  inch  upon  the  cylinder  surface,  being  quite  sufficient  to  keep 
them  steam  tight  if  free  in  their  action,  and  the  consequence  was  a 
very  considerable  saving  in  the  friction  of  the  pistons  over  the 
ordinary  kinds  of  metallic  packing. 

The  Chairman  said  his  object  in  the  paper  had  been  merely  to 
show  the  practical  way  in  which  a  practical  difficulty  had  been  sur- 
mounted. The  result  of  the  improved  form  of  packing  rings  had 
been  very  satisfactory  ;  and  about  double  the  mileage  was  now 
obtained  from  the  same  thickness  of  rings,  compared  to  the  former 
results,  owing  to  their  wear  being  nearly  uniform  throughout  their 
whole  length. 


The  Chairman  then  moved  a  special  vote  of  thanks,  which  was 
passed,  to  the  Council  of  the  Eoyal  Institution,  for  their  kindness 
and  courtesy  in  granting  the  ,use  of  the  Lecture  Theatre  for  the 
purpose  of  the  Meeting. 


A  vote  of  thanks  to  the  Chairman  was  passed,  and  the  meeting 
then  terminated. 


After  the  meeting  some  working  models  were  exhibited,  by 
Mr.  David  Chadwick,  of  Manchester,  of  two  water  meters,  and  of 
a  rotary  steam  engine,  working  on  a  similar  principle,  having  a 
flexible  cylinder,  with  transverse  rollers  fixed  round  the  periphery 
of  a  wheel. 
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